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Hill  District  and  caring  for  the  large  amount  of  surface  water 
which'  has  been  such  an  annoyance  to  the  Baral  Cemetery 
Corporation. 

The  trnnk  sewer  for  the  relief  of  the  New  Worcester  District 
has  been  partially  constracted  in  Satton  Lane  and  Cambridge 
Street.  This  sewer  is  from  20  to  30  feet  in  depth  and  most  of 
it  in  solid  rock,  and  for  these  reasons  tunneling  has  been  resorted 
to  with  gratifying  results.  This  work  will  be  prosecuted  during 
the  winter  months. 

During  the  coming  year  some  provision  should  be  made  for 
taking  care  of  the  waters  of  Hermitage  Brook  which  takes  the 
water  shed  of  Milbtone  and  the  east  side  of  Green  Hills.  A 
large  deposit  from  the  brook  is  brought  into  the  sewer  system, 
which  is  a  cause  of  much  annoyance  and  expense. 

A  system  of  sewers  has  also  been  constructed  in  the  *^£ast 
Shelby  Street  District,"  thus  providing  the  much-needed  relief  to 
the  section  lying  between  East  Park  and  Eastern  Avenue. 

A  surface  water  sewer  has  been  built  in  Leicester  Street,  beyond 
New  Worcester,  and  has  already  proved  a  great  benefit.  This 
sewer  can  be  used  for  no  other  purposes  and  is  a  part  of  the 
general  plan  of  the  district  which  provides  for  the  division  of 
surface  water  from  the  house  sewage  system. 

The  Committee  would  here  recommend  the  early  adoption  of 
rules  regulating  the  use  of  sewers  in  districts  where  the  separate 
systems  are  to  be  used. 

In  addition  to  the  trunk  sewers,  a  large  number  of  lateral 
sewers  have  been  constructed  in  various  parts  of  the  City. 

During  the  year  another  portion  of  the  Mill  Brook  sewer, 
extending  from  Green  Street  to  Lafayette  Street,  has  been  arched. 
The  distance  covered  was  834  feet,  and  the  expense  of  same 
$14,000. 

The  total  expenditure  for  the  year  has  been  $158,588.61, 

divided  as  follows : — 

Trunk  Sewers,  $40,147  78 

Lateral  Sewers,  88,932  46 

Maintenance,  14,065  08 

Arching  Mill  Brook,  14,112  82 

Purification,  56,880  47 

$158,588  61 


•  •  •    • 

•  •  •  •• 
• «  •  •  • 
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In  May,  1888,  an  appropriation  of  $75,000  was  made  by  the 
Oi^  Gonncil  for  the  constmction  of  an  ontfall  sewer  from  the 
main  sewer  in  Qninsigamond  to  the  land  below  Quinsigamond 
parchased  by  the  City  for  the  parpoees  of  sewage  treatment. 

Dnring  the  early  part  of  this  year,  this  sewer  was  oompleted. 

The  Committee  have  given  mach  time  and  thought  to  the 
snbject  of  the  final  treatment  of  the  sewage.  £arly  in  Joly, 
acting  on  recommendations  from  this  Committee  and  by  the 
advice  of  the  City  Engineer,  an  order  was  passed  and  an  appro- 
priation of  $40,000  was  made  for  the  pnrpose  of  oonstrnoting  a 
series  of  settling  tanks,  and  purchasing  machinery  necessary  for 
the  disposal  of  the  slndge.  These  tanks,  six  in  number,  have 
been  built  and  are  nearly  ready  for  use. 

Whatever  plan  shall  finally  be  adopted  for  the  treatment  of 
the  sewage  these  settling  tanks  will  be  a  valuable  and  indispens- 
able part  of  the  system,  and  they  have  been  constructed  in  the 
most  thorough  and  snbstantial  manner. 

As  the  limit  of  time  fixed  by  Legislative  enactment  expires 
early  in  the  summer  mouths,  it  is  therefore  an  imperative  neces- 
sity that  very  early  in  the  year  a  decision  should  be  made  in 
regard  to  the  system  to  be  adopted  for  the  treatment  of  the 
sewage. 

In  closing  this  report  the  Committee  take  pleasure  in  com- 
mending the  faithfulness  and  efficiency  of  the  Superintendent  of 
Sewers,  and  the  valuable  aid  rendered  the  department  by  the 
City  Engineer  in  solving  the  many  different  problems  which  have 
arisen  during  the  year. 

F.  A.  HARRINGTON, 

G.  A.  LONGLEY, 
GEO.  M.  WOODWARD, 
0.  N.  WALKER, 

J.  A.  BRIGHAM, 
ALEX.  BELISLE,  Jr., 

Joint  Standing  Committee  on  Sewers. 


REPORT 

or  THE 

SUPERINTENDENT    OF    SEWERS. 


To  the  Joint  Standing  Committee  on  Sewere  : — 

Gbntlemsn: — ^The  report  of  the  operations  of  the  Sewer 
Department  for  the  financial  year  of  1889  is  as  follows : — 

The  year  has  been  a  bnsy  one,  and  although  the  additions  to 
the  sewer  system  have  been  smaller  than  in  most  recent  years, 
the  expenditures  for  sewer  construction  have  been  heavy  and  the 
results  satisfactory. 

The  main  sewer  in  Grove  street,  under  construction  at  the 
opening  of  the  year,  has  been  completed,  and  the  laterals  built  in 
North  St.,  Powers  Ot.  and  Milton  St.,  relieving  the  pressing 
needs  of  that  section. 

The  Crescent  St.  sewer  has  been  extended  106S.5  feet,  but 
must  be  still  farther  extended  across  the  valley  of  Paine  Brook 
and  to  Lincoln  St.  before  it  can  be  of  any  material  benefit;  the 
needs  of  the  district  are  pressing,  and  the  work  should  be  done 
as  early  as  possible. 

A  right  of  way  has  been  acquired  across  land  of  the  Henry  Heirs 
and  East  Park,  from  Shrewsbury  St.  to  East  Shelby  St.,  a  main 
sewer  built  in  it,  and  the  laterals  built  in  East  Shelby  St.,  Gage 
St.,  Prospect  St.,  and  Merrifield  St.,  a  very  much  needed  im* 
provement. 

Expensive  sewers  were  also  built  in  Belmont  St.,  Norfolk  and 
Wall  Streets,  Tainter  St.,  Main  and  Norwood  Streets,  Downing, 
Woodland  and  Charlotte  Streets  and  in  Vernon  St.  In  all  these 
considerable  rock  was  found,  making  the  average  cost  of  sewers 
built  during  the  year  much  greater  than  in  many  previous  years. 
In  addition  to  the  above,  a  section  of  Mill  Brook  sewer  between 
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Green  St.  and  Lafayette  St.  has  been  arched ;  the  diffiooltiea  of 
this  work  become  greater  each  year  with  the  erection  of  bnildingB 
adjoining  the  sewer,  rendering  it  exceedingly  troablesome  to  ereet 
and  maintain  necessary  machinery  among  them ;  if  possible  it 
ahonld  be  continued  in  the  near  fntnre. 

The  main  sewer  for  the  drainage  of  New  Worcester  has  been 
partly  completed  in  Cambridge  St.,  Fremont  St.,  and  Sutton 
Lane,  and  is  now  under  construction  ;  this  is  the  most  expensive 
undertaking  chargeable  to  sewer  construction,  that  has  occupied 
the  department  during  the  year ;  a  ledge  was  developed  on  Fre- 
mont street  of  such  magnitude  that  tunnelling  was  resorted  to — 
a  tunnelling  plant  consisting  of  a  K/^  x  16^'  Rand  Air  Com- 
pressor and  four  Band  drills  and  all  necessary  appurtenances  were 
purchased —  a  forty-five  horse-power  boiler  and  an  air  receiver 
hired  of  Wm.  Allen  &  Sons,  and  the  work  of  tunnelling  begun 
during  the  last  days  of  August,  since  which  time  it  has  progressed 
steadily,  and  at  a  rate  rarely  equalled,  considering  the  conditions 
under  which  it  is  done.  Two  pockets  of  earth  have  been  met, 
but  as  they  are  being  successfully  tunnelled,  no  serious  difficulty 
is  apprehended  from  them ;  this  sewer  should  be  pushed  to  com- 
pletion, and  the  laterals  built  as  soon  as  possible. 

A  sewer  for  the  care  of  surface  water  has  been  built  in  Leices. 
ter  St.  from  Tatnuck  Brook  to  Montague  St.  This  sewer,  and 
the  one  constructed  last  year  at  Quinsigamond  Village,  also  for 
the  care  of  surface  water,  form  the  beginnings  of  the  separate 
system  of  sewers,  which  will  be  built  wherever  practicable,  to  ex- 
clude as  far  us  possible  all  surface  water  from  the  sewage  that 
the  amount  to  be  purified  may  be  as  small  as  possible.  These 
sewers  already  built  are  for  surface  water  only,  and  it  should 
be  so  understood  by  the  abutters;  stringent  rules  should  be 
adopted,  regulating  their  use,  and  also  the  use  of  the  sewers  for 
sewage  only,  soon  to  be  built.  Your  attention  is  particularly 
called  to  this  matter,  and  it  is  hoped  it  will  receive  early  con- 
sideration. 

The  following  table  shows  the  location,  length,  sixe  and  cost  of 
all  sewers  built  during  the  year,  exclusive  of  the  outfall  sewer. 
2 
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Preparation  for  purifying  the  sewage  has  been  nnremitting ; 
work  on  the  oatfall  sewer  was  continued  during  the  winter, 
resulting  in  its  completion  early  in  the  Spring ;  the  gate  and 
screen  chambers  were  built,  and  are  ready  for  the  superstruo- 
tures,  gates,  etc.,  and  a  portion  of  the  swamp  near  Jefierds's 
rendering  establishment,  cleared  of  wood  and  stumps,  and  the 
wood  sold. 

July  8th,  an  order  for  constructing  a  series  of  sewage  tanks 
passed  the  Oity  Oounoil,  and  work  upon  them  was  immediately 
commenced.  A  portion  of  the  site  selected  for  these  tanks  was 
located  in  the  swamp  above  mentioned,  the  natural  soil  of  which 
is  a  soft,  black  mud,  varying  in  depth  from  one  to  nine  feet.  In 
order  to  provide  suitable  foundations  for  the  tanks,  it  was  neces- 
sary to  excavate  this  mud  and  refill  the  excavation  with  material 
suitable  to  build  upon.  This  was  a  work  of  no  small  difficulty, 
the  natural  conditions  obtaining,  and  the  large  amount  of  mate- 
rial to  be  moved,  rendering  it  necessary  to  employ  unusual 
methods.  A  railroad  was  built  across  the  swamp,  and  to  the 
high  ground  adjoining,  where  it  was  elevated  upon  a  trestle  to 
provide  dumping  ground.  A  Carson  excavator  was  employed  to 
excavate  the  mud,  which  was  dumped  into  cars  and  drawn  out 
of  the  swamp  to  the  trestle  where  it  was  dumped,  by  means  of  a 
stationary  engine  and  cable,  the  cars  returning  to  the  swamp  by 
gravity.  Several  thousand  yards  of  mud  were  cheaply  and 
quickly  removed  in  this  manner.  The  excavation  was  re-filled 
with  gravel,  which  was  carefully  puddled  and  rolled,  making  a 
firm  foundation  for  the  masonry  of  the  tanks.  As  soon  as  the 
grading  would  allow,  masonry  was  begun  and  vigorously  pushed. 
At  present  the  tanks  are  complete,  with  the  exception  of  the 
concrete  bottom,  which  will  be  put  in  during  the  winter,  a  tem- 
porary roof  protecting  it  from  the  cold. 

This,  with  the  construction  of  gate-houses,  gates,  connections, 
etc.,  will  complete  the  works  as  far  as  is  possible  until  some 
definite  system  of  purification  is  adopted,  which  should  be  done 
immediately,  as  whatever  process  is  finally  decided  upon  the 
elaboration  of  its  details  will  require  considerable  time,  of  which 
there  is  little  to  spare,  if  the  statutory  requirements  are  met. 
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A  large  amonnt  of  grading  aroond  the  tanks  will  be  necesBary, 
involving  a  great  waste  of  gravel,  nnless  it  can  be  nsed  in  con- 
verting another  section  of  swamp  into  available  land ;  it  is 
recommended  that  the  mad  be  excavated  from  sufficient  area  to 
accommodate  what  snrplns  filling  there  may  be,  and  the  excava- 
tion ro-filled  with  gravel  as  the  grading  is  done.  The  total 
length  of  the  outfall  sewer  now  built  is  4986«3  feet,  an  addition 
of  1692.8  feet  during  the  year. 

The  work  of  sewer  maintainance  has  rapidly  increased  of  late, 
partly  owing  to  the  extension  of  the  sewer  system,  and  partly 
because  of  necessary  alterations  and  repairs,  which  are  con- 
stantly increasing ;  one  large  item  of  expense,  that  for  cleaning 
catch-basins,  has  increased  heavily  owing  to  the  addition  of 
many  basins  in  streets  having  heavy  grades,  and  without  paved 
gutters,  not  only  does  the  gutter  wash  fill  the  basins,  but  the 
rush  of  water  carries  much  of  the  fine  material  into  the  sewer, 
to  be  deposited  on  the  first  light  grade  below,  necessitating  con- 
stant scraping  in  order  to  prevent  a  complete  stoppage.  It  is 
hoped  that  arrangements  may  be  made  with  the  Highway 
Department,  that  will  in  a  measure,  obviate  this  difficulty,  which 
is  rapidly  becoming  serious  with  the  extension  of  the  sewers  into 
the  hilly  districts  in  the  suburbs. 

Iron  catch-basin  covers  are  being  substituted  for  the  wooden 
ones  formerly  used,  as  it  was  found  that  the  life  of  wooden  ones 
is  so  short  as  to  make  their  use  very  expensive,  and  that  after 
decay  has  set  in  they  are  a  constant  source  of  danger  ;  this  item 
of  expense  has  been  heavy  during  the  past  year,  and  will  be  for 
the  one  ensuing,  after  which  it  should  be  materially  less. 

The  sewers  and  their  appurtenances  are  in  good  condition,  as 
a  rule,  and  are  performing  their  service  satisfactorily. 

The  headquarters  buildings  on  the  East  Worcester  Street  lot 
have  been  completed,  and  have  proved  of  great  advantage  in  the 
work  of  the  department.  A  telephone  has  been  secured  and 
located  there,  proving  of  great  value. 

The  department  now  has  storage  and  yard  room  sufficient  to 
accommodate  its  plant  and  facilities  for  any  light  construction  or 
repairs   that   may  arise,  a   very  great  gain.     Additions  to  the 
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eqaipmeut  of  the  department  have  been  large,  as  will  be  seen 
bj  its  increased  valne,  as  shown  by  the  inventory. 

Two  largo  derricks  of  new  and  improved  pattern  have  re- 
placed the  old  ones,  which  were  fonnd  to  be  unsafe  for  use ;  a 
donblc  hoisting  engine  hhs  been  bonght,  in  addition  to  the 
special  machinery  used  in  tunnelling;  the  plant  is  in  excellent 
condition,  and  of  sufficient  extent  to  successfully  prosecute  any 
undertaking  liable  to  arise. 

The  amount  paid  by  this  department  for  teaming  of  various 
kinds  is  very  large;  the  recommendation  made  in  the  last  annual 
report,  relative  to  the  purchase  of  an  express  team,  is  renewed ; 
and  it  is  further  recommended  that  a  pair  of  draught  horses, 
together  with  necessary  carts,  wagons,  etc.,  be  purchased,  and  a 
stable  erected  on  the  East  Worcester  Street  lot.  It  is  hoped  that 
these  recommendations  will  receive  favorable  consideration,  as  it 
is  believed  that  by  their  adoption  a  large  annual  saving  is  possible, 
beside  largely  increasing  the  efficiency  of  the  department. 

With  the  rapid  extension  of  the  sewers  into  suburban  districts, 
and  under  our  system  of  doing  all  work  by  daj('s  labor,  directly 
in  charge  of  the  Superintendent,  necessitating  the  employment  of 
large  forces  of  men  and  material,  it  has  become  impossible  for 
him  to  give  the  time  to  office  detail  that  so  largo  a  system  of 
works  demands. 

No  adequate  system  of  accounts  is  possible,  and  only  the  most 
general  rcsnlts  are  arrived  at.  The  office  of  the  department  is 
closed  to  the  public,  with  the  exception  of  one  Iionr  during  the 
day — an  inconvenient  arrangement,  as  the  Superintendent  must 
spend  his  time  in  personal  contact  with  the  work  under  his 
charge.  The  weekly  pay-roll  during  the  busy  months  is  a  labor 
of  no  small  account,  usually  accomplished  on  the  first  day  of  the 
week,  as  there  is  no  other  available. 

It  is  suggested  that  your  Committee  consider  the  advisability 
of  employing  a  clerk  during  eight  or  nine  months  of  the  year, 
thus  rendering  a  systematic  accounting  possible,  from  which  the 
valuable  facts  regarding  expenditure  and  results  by  different 
methods  is  readily  deduced,  deductions  not  now  obtainable,  or 
only  in  their  crudest  forms.    The  added  convenience  to  the  public 
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of  having  the  office  of  the  depiutment  open  during  the  day 
woald  be  considerable^  and  the  relief  of  the  Superintendent 
from  mnch  that  now  necessarily  occapies  mach  time  that  is  sorely 
needed  for  other  dnties  woald,  it  is  thought,  in  no  small  measure 
return  the  outlay  required. 

Bespectfnlly  submitted. 

RICHARD  FOBES, 

SupL  of  Sewera. 


BEPOBT  OF  THE  CITY  ENGINEER 

TO   THB 

COMMITTEE  ON  SEWERS. 


As  there  are  many  important  matters  in  connection  with  the 
Sewer  Department  that  seem  to  reqnire  a  statement  from  me  as 
Engineer,  I  have  thonght  best,  at  this  time,  to  make  the  follow- 
ing report: — 

The  central  and  more  densely  populated  portion  of  the  Oity  is 
well  provided  with  sewer  accommodations ;  occasionally  there  will 
be  found  a  street  that  has  not,  as  yet,  received  attention ;  bnt  in 
the  main,  very  little  more  needs  to  be  done.  There  are  several 
districts,  however,  that  will  have  to  receive  attention  in  the  near 
fatnre. 

The  first  that  I  desire  to  call  attention  to  is  what  is  termed  as 
the  ''Adaics  Squabb  DisTBicrr."  This  is  bounded  in  a  general 
way  by  Perkins  and  Frederick  streets  on  the  south,  the  Boston 
&  Maine  Railroad  and  a  portion  of  "Messinger  Hill"  on  the  west, 
the  hills  lying  north  of  Millbrook  street  on  the  north,  and  the 
bills  forming  a  portion  of  Mill  Brook  water-shed,  on  the  east.  It 
has  an  area  of  417.82  acres.  The  main  sewer,  partly  completed, 
is  of  brick.  The  line  of  this  sewer  is  through  the  land  of  P.  L. 
Moen,  and  a  passageway  between  Millbrook,  and  Garden  street, 
thence  in  Garden  and  Crescent  streets  to  a  point  opposite  Nashua 
street.  Its  size  is  44^^  x  66^^  inside  measurement  from  Mill 
Brook  to  the  point  where  Paine  Brook  is  intercepted,  and  ^V  x 
W  to  its  northerly  terminus. 

The  plan  for  draining  this  district  calls  for  extending  Freder- 
ick street  from  its  westerly  end  to  Orescent  street,  and  also  for  a 
new  street  to  extend  from  the  north  end  of  Orescent  street  to  a 
point  on  Lincoln  street  nearly  opposite  Washington  Avenue. 
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It  will  be  necessary  to  acquire  the  right  of  way  in  one  or  both 
of  the  localities  named,  at  an  early  date. 

The  plans  of  the  district  are  matured  sufficiently,  so  that  if  the 
Oity  Council  should  so  decide,  work  can  be  continued  without 
interruption,  until  all  the  sewers  are  constructed. 

The  Webster  Squase  District  is  bounded  by  Oates  Lane, 
Goes  street,  A.  G.  Goes'  Pond,  New  Worcester  Hill  (so  called), 
Lowell  street  and  the  southerly  end  of  Richards  street,  the 
Boston  and  Albany  Railroad,  Hope  Cemetery,  Barnardville, 
Curtis  Pond  and  Leicester  street.  It  has  an  area  of  three  hun- 
dred and  seventy-nine  acres,  and  is  entirely  without  sewerage 
accommodations. 

ProfQes  of  all  the  streets  have  been  made  and  the  size  of  most 
of  the  sewers  determined.  The  plans  provide  for  two  independ- 
ent systems  of  sewers,  separating  the  storm  water  (with  the  ex- 
ception of  roof  water)  from  the  sewage  proper. 

Short  lines  of  large  sewers  are  to  conduct  the  surface  water  by 
the  shortest  course  to  the  river  which  nearly  divides  the  District, 
while  the  sewage  will  be  taken  into  the  general  system  by  small 
sewers. 

lu  designing  the  sizes  of  sewers  for  the  different  streets,  the 
future  growth  in  population  of  the  district  has  been  kept  in  view. 
The  estimate  of  the  quantity  of  sewage  to  be  cared  for  is  based 
upon  a  population  of  seventy-five  persons  to  the  acre,  assuming 
that  seventy  gallons  per  day  for  each  person  will  be  the  amount 
to  be  carried  away.  One  seventh  of  the  entire  area  is  allowed 
for  roo&,  and  a  delivery  of  one-half  inch  in  depth  of  rainfall  per 
hour  from  this  area  is  also  provided  for. 

I  consider  it  absolutely  necessary  that  this  general  plan  should 
be  followed,  not  only  in  this  district,  but  in  every  section  of  the 
City  where  it  can  be  done,  so  as  to  reduce,  as  much  as  possible, 
the  volume  of  sewage  to  be  treated  at  the  disposal  works. 

In  this  particular  case,  I  recommend  that  the  roof  water  be 
admitted  as  a  means  of  flushing  the  sewers,  rather  than  to  resort 
to  the  use  of  flush  tanks.  Whenever  this  is  insufficient,  the 
sewers  can  be  flushed  from  hydrants,  as  is  the  practice  in  other 
sections  of  the  City. 
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The  main  aewer  to  oondncl  the  sewage  into  the  general  sjstein 
of  sewers  has  been  partly  eonstmcted.  Its  locatioti  begins  at 
the  Oambridge  street  sewer  where  it  intersects  with  Sonth  Crjs- 
tal  street,  and  extends  throngh  Cambridge  stn^et  to  Fremont 
street,  in  Fremont  street  and  Sntton  Lane  to  Camhndge  street 
again,  and  thenee  in  Cambridge  street  to  Webeter  Square. 

The  size  when  finished  will  be  30"  x  45^  to  the  intersection  of 
Sntton  lane  and  Cambridge  street,  and  2^'  x  43f  for  the  remain- 
ing distance. 

In  order  to  reach  Webster  square,  it  is  necesgarr  to  constmct 
the  sewer  throngh  the  same  ridge  that  the  Crrstal  street  sewer 
tnnnel  was  driven  throngh  several  years  ago.  Investigation 
showed  abont  the  same  qnalitj  of  rock,  and  as  the  depth  varied 
from  twenty  to  thirty  feet,  it  was  decided  to  tnnneL 

The  work,  so  far,  has  been  done  in  a  most  satisfactory  manner 
by  Mr.  Fobes,  superintendent  of  sewers,  a  detailed  description  of 
which  will  be  found  in  his  report. 

As  the  inquiry  has  been  frequently  made  as  to  the  necessity  of 
expending  so  much  money — ^probably  from  $35,000  to  f4O,04X) 
— in  constructing  a  sewer  for  the  purpose  of  an  outlet,  when  the 
sewage  could  be  emptied  directly  into  the  river,  at  very  mnch 
less  expense,  I  think  that  perhaps  it  is  proper  tor  me  to  state, 
that  the  City  is  allowed,  by  the  original  sewer  act  of  the  Legisla- 
ture, to  empty  sewage  into  the  Blaekstone  river  only  throngh 
Mill  Brook,  and  that  if  this  were  not  so,  the  fact  that  the  sewage 
has  to  be  treated  renders  it  necessarv  that  it  all  be  broaiirht 
to  one  point. 

A  surface-water  sewer  has  been  constrocted  in  Leicester  street 
£rom  the  river  to  Montague  street;  this  is  of  brick  18^'  x  21"  as 
far  west  as  Arborvitie  street  and  an  18^'  pipe  for  the  remaining 
distance. 

Thk  Quinsioaxond  DisTsicr 

has  not  been  surveyed  as  yet  bnt  will  need  early  attention.  Its 
location  is  such  that  I  think  it  advisable  to  adopt  the  separate 
system,  as  in  the  case  of  the  Webster  square  district. 

The  outfall  sewer  of  the  disposal  system  was  designed  to  act 
as  the  main  sewer  into  which  the  pipe  sewers  for  house  drainage 
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of  this  district  will  discharge,  while  the  storm-water  sewers  will 

ran  to  the  river  by  the  most  direct  roate. 

< 

SswAos  Disposal  Works. 

The  oatfall  sewer,  designed  to  eondnct  the  sewage  from  the 
present  channel  of  Mill  Brook  to  the  precipitation  tanks,  has 
been  completed,  with  the  exception  of  making  the  necessary  con- 
nections with  the  brook  and  tanks. 

This  sewer  is  42  inches  in  diameter  and  has  a  capacity  of 
12,500,000  gallons  in  24  honrs.  It  was  located  and  constrncted 
in  accordance  with  the  recommendations  contained  in  my  report 
to  the  city  coancil  in  1887,  upon  the  qnestion  of  sewage  disposal. 
The  estimated  cost  was  $'75,000  and  there  is  now  between 
$6,000  and  $7,000  left  of  this  appropriation.  The  plans  in  de- 
tail for  the  precipitation  tanks  were  finished  so  that  work  coald 
have  been  commenced  early  in  the  season,  bnt  owing  to  nnamd- 
able  circnmstances,  the  order  for  their  construction  was  not 
adopted  by  the  city  conncil  nntil  Jnly  10th.  Work  was  began 
immediately. 

A  greater  portion  of  the  ground  apon  which  the  tanks  rest 
was  a  swamp.  The  mad  was  removed  from  this  and  the  space 
filled  with  well-pnddled  gravel. 

Work  npon  the  tanks  was  then  began.  There  are  six  of  these, 
each  being  66.66  feet  wide  and  100  feet  long,  inside  measure- 
raent,  and  provide  for  a  depth  of  sewage  of  five  feet.  They  are 
located  three  upon  each  side  of  a  central  channel,  through 
which  the  sewage  will  be  discharged  into  them.  The  arrange- 
ment is  snch  that  they  can  be  used  intermittently  or  continu- 
ously, i.  e.j  each  tank  can  be  filled  from  the  central  channel  and 
used  independently,  or  the  sewage  can  be  passed  through  all  of 
them, —  precipitation  taking  place  in  each,  before  its  final  dis- 
charge into  the  effluent  channel  which  will  conduct  the  clarified 
sewage  to  the  river.  The  outside  and  division  walls  are  con- 
structed of  brick  and  stone  laid  in  cement.  The  top  of  the  wall 
is  surmounted  with  a  cap  of  Portland  cement  concrete.  The 
floors  of  the  tanks  are  of  concrete  and  shaped  so  as  to  drain  the 
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dndse  into  m  eentnl  Hmmri,  wUdi  wiH  diaebnee  into  the  i— fn 
dudiednrin.  ^^  ^^ 

Between  the  two  seetioQB  of  tanka^  and  snder  the  aewaige 
channel,  is  located  the  condnit  m  which  will  be  placed  the 
efflnent  pipe  (naed  to  empty  the  tanha  of  treated  oewage^  wfaofti* 
erer  it  is  denrable  to  dean  them  of  alndf^\  and  the  main  aladge 
drain.  This  drain  is  coostrwcted  of  brick  laid  in  Portland 
cement,  and  is  bnilt  into  the  flow  of  the  condnit^  and  is  desgned 
to  cany  the  sindge  to  the  sindge  welL 

The  pipe  is  to  be  IS^  in  diameter,  and  wiH  diseiiarge  Into  the 
efflnent  diannel. 

The  condnit  has  stone  side  walls  laid  in  cement,  and  is  arched 
with  brick.    The  floor  is  of  Portland  cement  concrete. 

At  eadi  point,  where  the  pipe  connections  are  made,  a  side 
condnit  ia  constmcted  so  that  tiie  pipes  are  exposed  to  view 
except  where  they  pan  throngh  the  tank  walls.  The  efflnent 
channd  is  constructed  of  brick,  and  is  arched  for  a  portion  of 
its  length. 

If  the  sewage  is  treated  by  the  continnons  process,  the  water 
will  be  dkdiarged  otct  a  weir  located  at  the  end  of  the  sixth 
tank,  and  will  faQ  otkt  stone  steps  into  the  efflnent  channeL  If 
it  b  treated  by  the  intermittent  process  it  will  be  discharged 
throngh  the  efflnent  pipe  into  the  channeL 

The  abore  is  a  brief  description  of  the  work  done  np  to  the 
present  time.  It  m  my  purpose  (with  the  consent  of  the  Con^- 
mitteeX  to  make  a  detailed  report  of  the  entire  work  when  it  is 
finished. 

FhotognfhB  are  taken  of  the  work  aa  it  progresses,  so  that 
Ae  report  can  be  illustrated. 

I  think  this  should  be  done,  aa  it  wUl,  in  my  opinion,  be  inval- 
uable aa  a  matter  of  record. 

The  appropriation  for  this  work  was  $40,000.  So  far  it  has 
been  done  well  within  the  estimate.  This  sum  is  supposed  to 
cover  the  cost  of  sludge  machinery,  but  does  not  include  the  cost 
of  buildings  and  other  things  necessary  for  the  plant. 

It  will  be  necessary  to'  take  early  action  upon  the  matter  of 
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sladge  disposal,  as  well  as  the  method  to  be  adopted  in  treating 
the  sewage. 

In  connection  with  sladge  disposal,  I  wonld  advise  that  the 
tract  of  land  containing  20  acres,  situated  between  the  Provi- 
dence and  Worcester  Railroad  and  the  river,  be  added  to  the 
area  already  taken.  This  land  is  isolated,  is  of  little  valae,  and 
will  be  an  excellent  place' to  dispose  of  the  sludge. 

For  the  present,  I  recommend  that  the  slndge  be  pnmped  onto 
this  land  and  plonghed  in.  Eventually,  I  think  that  it  will  have 
to  be  pressed  to  extract  the  water,  and  so  much  of  the  "  sludge- 
cake"  as  cannot  be  disposed  of  otherwise  can  be  dumped  at  this 
place,  without  the  least  danger  of  becoming  objectionable. 

With  the  completion  of  the  tanks,  and  the  purchasing  and  set- 
ting of  the  machinery,  the  plant  will  be  ready  for  work,  and 
while  much  can  be  done  toward  helping  the  condition  of  the 
river  by  diverting  from  Mill  Brook  four  or  five  millions  gallons 
per  day,  and  thoroughly  treating  it,  the  full  result  expected  can- 
not be  attained  until  the  intercepting  system  is  constructed 
through  the  City. 

In  the  report  of  1887, 1  recommended  the  constrnction  of  a 
separate  conduit  for  Mill  Brook,  and  using  the  present  channel 
for  sewerage  purposes  entirely.  It  is  probable  that  this  plan  has 
many  advantages  over  the  plan  of  constructing  intercepting 
sewers,  upon  each  side  of  the  brook;  but  until  the  details  can  be 
worked  out  and  the  two  plans  compared  after  a  more  thorough 
examination,  I  do  not  feel  that  it  would  be  wise  to  accept  either. 
Nevertheless,  one  of  the  two  will  have  to  be  adopted  in  the  near 
futui*e,  and  I  would  recommend  that  the  matter  be  investigated 
thoroughly  during  the  coming  year,  so  as  to  be  prepared  to  act 
promptly  whenever  occasion  requires. 

The  experience  in  construction  during  tlie  last  two  years  has 
demonstrated  that  the  estimates  made  in  the  preliminary  investi- 
gations are  snfSciently  large.  I  see  no  reason,  therefore,  for 
doubting  but  that  the  entire  system,  including  appropriations 
already  made,  can  be  completed  within  the  estimate  made  then, 
viz.:  $822,768.75. 

In  closing,  I  wish  to  express  my  sincere  thanks  to  the  Oom- 
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mittee  for  the  conrtesj  extended  to  me  on  every  occasion,  and 
also  to  express  my  great  appreciation  of  the  able  manner  in 
which  the  Saperintendent  of  Sewers  and  the  Assistant  Engineers 
have  performed  their  ardnons  duties. 

Respectfully  sobmitted. 

CHARLES  A.  ALLEN, 

City  Engineer. 
WoBOESTKB,  Dec.  27th,  1889. 


ANNUAL  REPORTS^-; 
COMMITTEE  ON  SEWERS, 

THE 

SUPERINTENDENT  OF  SEWERS, 

AND    THE 

CITY  ENGINEER 

OP   THK 

CITY  OF  WORCESTER, 

FOR  TUE 

TEAB    ENDING    NOVEMBER    30,    1890. 


^orciBtti,  iflaas,: 
PRESS   OF   F.    8.    BLANCIJARD    A    CO., 


FRONT     STREET. 
1801. 


-.      J 


^ 


ANNUAL  REPORT 


THE  NEW  YOn  -v. 

PUBLICLIBRAKV 


«      > 


*      .      I       . 


ASTOR,  Lr>tOX  AVO 
TiLOEH  F0|^NDAT(O«*ft. 
OF  THE  I  1898, 


COMMITTEE  ON  SEWERS, 


THE 


SUPERINTENDENT  OF  SEWERS, 


AND    THE 


CITY  ENGINEER 


OF  THE 


CITY  OF  WORCESTER, 


FOR  THE 


YEAE    ENDING    NOVEMBER    30,   1890. 


.   WUntnitt,  fRuM.t 

PBSSS   OF   F.    8.   BLANCHARD   A   CO., 

154    FRONT    STREET. 
1891. 


I 


^^; 


!^S?*;^':!?r  ^^ 


^ouna 


'*Ti. 


<*»1 


REPORT  OF  THE  JOINT  STANDING  COMMITTEE 

ON  SEWERS. 


In  accordance  with  the  provisions  of  the  City  Ordinances,  the 
Joint  Standing  Committee  on  Sewers  therewith  submit  their  re- 
I)ort  for  the  year  ending  Nov.  30th,  1890,  accompanied  by  the 
reports  of  the  Saperintendent  of  Sewers  and  the  City  Engineer. 

The  year  jnst  closed  has  been  a  very  busy  one  in  the  Sewer 
Department,  and  the  amount  of  work  accomplished  is  unusually 
large  and  gratifying  to  your  committee.  During  the  season  there 
has  been  constructed  4i^  miles  of  sewers,  and  in  the  entire  sys- 
tem there  is  now  76^^  miles. 

Early  in  the  season  the  trunk  sewer  in  Sutton  Lane  and  Cam- 
bridge street  for  the  relief  of  the  New  Worcester  District  was 
completed,  and  later  in  the  year  a  sewer  was  constructed  in  Main 
street  from  Cambridge  street  to  the  top  of  New  Worcester  Hill. 
This  sewer  has  brought  relief  to  that  portion  of  Main  street,  but 
in  order  that  its  full  benefits  may  be  enjoyed,  quite  a  number  of 
lateral  sewers  must,  in  the  near  future,  be  built  in  the  several 
side  streets. 

The  sewer  in  Crescent  street  for  the  relief  of  the  Adams 
Square  District  has  been  extended  to  Sackville  street,  a  distance 
of  1,397  feet.  The  committee  feel  that  during  the  coming  year 
this  sewer  should  be  completed  to  Lincoln  street,  and  that  a  por- 
tion of  the  lateral  sewers  in  that  locality  should  be  constructed 
in  order,  that  this  thickly  built  section  may  receive  the  benefits 
of  our  sewer  system. 

A  sewer  for  the  drainage  of  the  valley  of  Hermitage  brook  has 
been  constructed  through  the  Memorial  Hospital  estate,  and 
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lateral  sewers  have  been  built  in  East  Kendall  and  Hoox>er 
streets.  There  is  an  urgent  call  ior  the  continuation  of  this  sys- 
tem quite  a  distance  further  north,  to  accommode  the  large  num- 
ber of  houses  that  have  been  and  are  being  built  in  that  locality. 

While  the  sewers  built  during  the  year  have  been  scattered 
throughout  all  sections  of  the  city,  there  has  been  a  large  umount 
of  work  done  in  the  South  Worcester  District^  also  in  Wall, 
Orient  and  Norfolk  streets,  in  what  is  known  as  Oak  Hill  Dis- 
trict. 

Quinsigamond  has  not  been  forgotten.  Last  year  a  sewer  was 
constructed  from  Quinsigamond,  quite  a  distance  up  Vernon 
street,  and  this  sewer  has  this  year  been  extended  a  distance  of 
1,289  feet.  A  sewer  has  also  been  constructed  in  Perry  street, 
a  distance  of  880  feet.  This  sewer  was  much  needed,  and  will 
be  much  appreciated,  9§  the  street  is  well  built  ux>on,  and  the 
soil  is  very  wet. 

During  the  year  another  section  of  Millbrook  sewer  has  been 
arched  a  distance  of  547  feet  from  Lafayette  street  to  Grompton 
Park  at  an  expense  of  (10,027.28. 

As  the  system  grows  larger  year  by  year,  the  expense  of  maiQ- 
tenance  must  also  materially  increase.  During  1889  and  '90  a 
large  number  of  the  wooden  catch-  basin  covers  have  been 
replaced  by  iron  ones,  which  are  much  safer,  and  in  the  end 
more  economical. 

The  total  expense  for  the  year  has  been  as  follows : 
Maintenance,  (14,731  38 

Trunk  Sewers,  33,228  66 

Lateral  Sewers,  25,745  88 

Arching  Millbrook,  10,027  28 

Purification  Works,  61,544  01 


$145,277  U 
The  tanks  for  purification  purjioses  at  Quinsigamond,  which 
were  in  process  of  construction  when  last  year's  report  was 
made,  were  completed  early  in  the  year,  the  work  of  concreting 
having  been  carried  on  during  the  winter  months,  the  tank  hav- 
ing been  covered  by  a  temporary  roof. 

The  question  of  the  purification  of  the  city's  sewage  has  been 
a  serious  problem  for  the  committee  to  decide  upon,  but  realias- 
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ing  that  the  limit  of  time  fixed  by  legislative  enactment  was  near 
at  hand,  the  committee,  after  mnch  thought  and  investigation  of 
ihe  various  proposed  methods  of  treatment,  decided  to  recom- 
mend that  the  plan  submitted  by  the  City  Engineer,,  Mr.  Allen, 
viz.,  chemical  precipitation,  should  be  adopted. 
'  In  accordance  with  this  decision,  a  suitable  engine  and  boiler 
and  the  machinery  necessary  for  grinding  and  mixing  the  chemi- 
cals, pumping  the  sludge,  etc.,  was  purchased,  and  placed  in  a 
building  specially  built  for  this  purpose.  So  carefully  and  ac- 
curatdy  was  the  work  planned  and  so  thoroughly  constructed  in 
all  its  details,  on  the  25th  day  of  June  the  gate  at  Quinsigamond 
was  raised  and  a  x)ortion  of  the  city's  sewage  was  taken  by  the 
outfall  sewer  to  the  purification  works. 

Upon  the  completion  of  the  works,  the  committee  selected  Mr. 
Arthur  A.  Fobes,  who  had  for  some  time  been  connected  with  the 
engineering  department,  to  take  charge  of  the  same.  Mr.  Fobes 
has  proved  himself  to  be  the  right  man  in  the  right  place ;  he  has 
from  the  start  been  thoroughly  interested  in  his  work.  On  ac- 
count of  the  large  number  of  manufacturing  establishments  in 
the  city  using  chemicals,  the  sewage  is  constantly  changing  in 
its  nature,  requiring  at  different  hours  of  the  day  very  different 
treatment.  Such  a  thorough  and  scientific  study  has  Mr.  Fobes 
made  of  the  matter,  the  result  has  been  that  the  cost  of  treat- 
ment has  been  steadily  reduced,  while  the  results  are  equally 
satisfactory. 

The  Gity  Ikigineer,  Mr.  Allen,  in  his  report  annexed  has  given 
a  very  complete  and  detailed  description  of  the  plant  and  of  the 
results  so  far  accomplished. 

The  committee  will  only  add  that  they  are  well  pleased  with 
the  manner  in  which  the  works  have  been  constructed  and  with 
the  work  now  being  done. 

Only  a  portion  of  the  sewage  is  now  being  treated,  and  cannot 
be  until  the  separation  of  the  waters  of  Millbrook  from  our  sew- 
age system.  The  committee  are  of  the  opinion  that  in  accord- 
ance with  the  recommendation  of  the  City  Engineer  early  in  the 
coming  year,  the  question  of  the  construction  of  a  separate  chan- 
nel for  Millbrook  should  receive  careful  consideration.  Should 
the  channel  be  constructed,  it  is  exx)ected  that  the  present  plant 
with  x>ossibly  a  slight  enlargement  will  be  capable  of  treating  the 
entire  sewage  for  some  years  to  come. 
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During  the  season  arrangements  were  made  with  the  P.  &  W. 
B.  B.  Go.  for  patting  in  a  branch  tauck  so  that  coal  and  chemi- 
cals are  now  unloaded  from  the  cars  directly  into  the  building^ 
thus  saving  a  large  item  in  the  way  of  cartage. 

The  committee  are  mnch  pleased  with  the  thorough  and  sub- 
stantial manner  in  which  the  works  have  been  constructed.  The 
plaint  is  a  model  one  of  its  kind,  and  has  been  most  favorably 
commented  upon  by  various  officials  from  other  cities  who  have 
visited  and  examined  the  works. 

We  cannot  close  our  report  without  again  commending  the  in- 
telligent and  energetic  manner  in  which  the  Superintendent  of 
Sewers  and  City  Engineer  have  i>erformed  their  duties  in  con- 
nection with  this  department. 

Q.  A.  LONGLEY, 
FRANCIS  PLUNKBTT, 
GEO.  M.  WOODWARD, 
JOHN  S.  BRIGHAM, 
ALEX.  BELISLE,  Jr., 
IRVING  E.  COMINS, 

Joint  Standing  Committee  on  Sewers^ 


REPORT  OF  THE  SUPERINTENDENT  OF 

SEWERS. 


7k>  (he  Joint  Standing  Committee  on  Sewers: 

Gentlemen: — ^nrhe  report  of  the  Superintendent  of  Sewers 
is  as  follows : 

The  sewer  system,  with  some  slight  exceptions,  is  in  good 
T6i>air,  and  is  i>erforming  its  functions  in  a  satisfactory  manner. 
Minor  clianges  and  repairs  are  constantly  being  made,  but  none 
of  an  expensive  nature  have  been  necessary  during  the  year. 
The  annual  cost  of  maintenance  increases  with  the  additions  to 
the  sewer  system,  and  also  because  repairs  and  changes  become 
necessary  on  the  older  structures.  The  heavy  rains  of  the  past 
season  have  rendered  the  work  of  cleaning  catch  basins  unusu- 
ally expensive.  This  Dex>artment,  acting  with  that  of  Highways, 
has  i>aved  the  gutters  in  Montague  street,  and  the  benefit  is 
quite  apparent,  not  only  in  the  diminished  quantity  of  material 
washed  into  the  catch-basins  and  sewer,  but  also  in  the  appear- 
ance and  safety  of  the  street.  It  is  thought  that  the  work  thus 
b^un  should  be  carried  farther,  and  that  most  of  the  steep 
streets  in  the  suburbs  should  be  provided  with  paved  gutters. 

Nearly  all  the  catch- basins  are  now  fitted  with  iron  covers, 
an  expensive  but  permanent  improvement,  reducing  the  mainte- 
nance account  for  this  item  to  a  minimum. 

Sewer  construction  has  been  vigorously  pushed  during  the 
year,  and  the  resulting  additions  to  the  sewer  system  have  been 
large,  as  will  be  seen  by  the  appended  table.  The  main  sewer 
for  the  drainage  of  the  New  Worcester  district,  under  construc- 
tion at  the  opening  of  the  year,  was  completed  early  in  the 


8  REPORT  OF  SUPERINTENDENT  OF  SRWERS. 

season,  and  later  a  lateral  was  built  in  Main  street,  from  Web- 
ster square  to  Lowell  street,  affording  much  needed  relief. 

Crescent  street  sewer  has  been  completed  to  Sackyille  street, 
]i>ut  must  be  still  farther  extended  to  Lincoln  street,  and  the 
laterals  built,  before  it  can  be  of  value  to  the  territory  for  which 
it  is  designed  to  furnish  drainage.  This  should  be  done  the 
coming  year,  as  the  needs  of  the  district  are  pressing. 

A  sewer  for  the  drainage  of  the  valley  of  Hermitage  Brook 
has  been  built  across  land  of  the  Wasburn  Memorial  Hospital, 
from  Belmont  street  to  Kendall  street,  and  laterals  built  in  Ken- 
dall and  Hooper  streets,  affording  partial  relief,  but  there  is  still 
much  to  be  done  in  this  section,  as  the  valley  north  of  Kendall 
street  is  totally  without  sewerage.  Expensive  sewers  have  also 
been  built  in  Eastern  avenue,  Norfolk,  Wall  and  Orient  streets, 
Perry  avenue  and  Suffield  street,  Yemon  and  Perry  streets,  at 
Quinsigamond  Village,  and  in  Mason  street.  Another  section 
of  Mill  Brook  has  been  arched,  completing  the  arching  to  the 
northerly  line  of  Grompton  Park. 

The  following  table  shows  the  location,,  length,  size  and  cost 
of  all  sewers  built  by  the  Department  during  the  year : 
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There  are  now  76.59  miles  of  sewers,  including  the  outfall 
sewer,   2910  manholes,  and  1594  catch  basins,  an  increase  of 
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4.25  miles  of  sewer,  174  manholes  and  65  catch-basins  dnring^ 
the  year. 

Work  on  the  purification  plant  was  continued  during  the 
winter,  and  the  tanks  completed  as  far  as  was  x>ossible,  so  that 
when  chemical  precipitation  was  definitely  adopted  as  the 
method  of  purification,  little  remained  to  be  done  except  to 
erect  suitable  buildings,  procure  and  place  such  machinery  as 
was  necessary,  and  connect  the  outfall  sewer  with  the  sewer 
system  of  the  city. 

There  were  many  delays  and  much  unforeseen  difficulty  in 
procuring  and  setting  the  machinery,  but  sufficient  progress  had 
been  made  by  June  25tih,  that  on  that  date  the  sewage  wa& 
turned  into  the  outfall  sewer  and  through  the  works,  and  puri- 
fication was  begun,  and  within  the  limit  of  time  prescribed  by 
statute. 

Much  remained  to  be  done,  however,  to  render  the  works- 
complete,  and  a  large  force  has  been  employed  on  them  during^ 
the  season.  A  large  tract  of  land  lying  between  the  N.  Y.,  P. 
&  B.  B.  B.  and  the  Blackstone  Biver  has  been  purchased,  a 
X)6rtion  of  it  cleared  and  graded  and  laid  out  into  sludge  beds. 
More  of  these  must  be  prepared,  as  those  now  in  use  are  over- 
taxed to  accommodate  the  refuse  from  the  precipitation  tanks. 
An  arrangement  was  made  with  the  N.  Y.,  P.  &  B.  B.  B. 
whereby  a  spur  track  was  constructed  to  the  works,  so  that 
coal  and  chemicals  are  now  unloaded  from  the  cars  directly  into- 
the  storage  bins,  making  a  very  complete  and  effective  system 
of  handling  supplies. 

A  building  containing  nrooms  for  office  and  laboratory  haa 
been  built,  and  the  office  furnished,  and  it  is  intended  to  soon 
furnish  the  laboratory  in  such  a  manner  that  crude  analyses  can 
be  made  and  tests  applied,  showing  more  accurately  than  can 
now  be  done  the  action  of  the  several  chemicals  on  the  sewage 
treated. 

The  works  are  run  continuously  day  and  night,  and  require 
the  closest  supervision  and  care,  as  the  constantly  changing 
sewage  requires  a  constantly  varying  treatment  to  obtain  the 
best  and  most  economical  results. 

It  was  deemed  advisable  to  employ  a  Civil  Engineer  to  take 
direct  charge  of  the  works,  and  an  assistant  from  the  City  Engi- 
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neer's  office  who  had  been  intimately  connected  with  the  con- 
stmction  of  the  works  was  secnred.  The  wisdom  of  this  coarse 
is  shown  in  the  most  gratifsring  results  attending  the  work. 

The  only  drawback  to  the  complete  success  of  the  purification 
system  is  the  inability  to  care  for  the  entire  flow  of  the  stream 
as  now  constituted.  This  can  only  be  remedied  by  separating 
the  water  of  mill  brook  from  the  sewage  proper,  a  work  of  con- 
siderable magnitude,  but  one  demanding  immediate  attention. 

The  tools  and  machinery  of  the  Department  are  in  excellent 
condition,  and  include  appliances  for  nearly  all  varieties  of  work 
liable  to  arise. 

An  express  team  was  purchased  early  in  the  season,  and  has 
proved  a  very  profitable  investment,  as  it  is  able  to  do  a  very 
large  amount  of  work  formerly  hired  done,  and  much  more 
cheaply  than  under  the  old  method.  The  horse  is  kept  at  the 
stable  of  the  Highway  Department,  and  cared  for  by  its  driver 

The  suggestion  contained  in  the  last  annual  report,  relative  to 
the  employment  of  a  derk,  is  now  renewed,  and  it  is  hoped  will 
receive  your  careful  consideration. 

Bespectfully  submitted, 

RICHARD   POBES, 

Supf,  of  Sewers. 


REPORT  OF  THE  CITY  ENGINEER  TO  1 
COMMITTEE  ON  SEWERS. 


To  the  Joint  Standing  Committee  on  Sewers: 

I  beg  leave  to  submit  the  following  report  for  your  cona 
tion: 

The  work  of  extending  the  main  outlet  sewer  to  the  laif 
rapidly  growing  district  around  Britton  square  and  the  nog 
ly  end  of  Lincoln  street  has  been  continued.     A'  point  hag 
reached  where  it  will  be  necessary  to  decide  upon  a  locatio 
tween  the  northerly  end  of  Crescent  street  and  Lincoln  i 
before  work  can  be  resumed.    The  plan  that  I  have  suggei 
and  which  I  think  it  will  be  advisable  to  follow,  is  to  lay  o 
street  principally  through  land  of  E.   P.   Curtis,  having 
easterly  terminus  at  Lincoln  street,  nearly  opposite  Washini 
avenue,  and  in  this  street  to  construct  the  sewer.     This  iS' 
most  direct  route,  and  as  Mr.  Curtis  offers  to  give  the  landj 
I  think,  the  cheapest.    The  other  route  is  known  as  the  Vu 
street  route ;  and,  while  it  would  have  the  advantage  of  fol 
ing  a  street  already  constructed  for  a  greater  portion  of  the 
tanoe,  the  line  would  be  longer  and  work  so  much  heavier, 
the  cost  of  construction  would  more  than  balance  the  advani 
that  would  otherwise  be  derived  from  constructing  the  sewer  I 
a  street  already  laid  out. 

The  Kew  Worcester  district  should  receive  further  attenti< 
The  main  outfall  in  Cambridge  street,  Sutton  lane  and  F] 
mont  street  has  been  completed,  and  a  lateral  sewer  construcl 
in  Main  street  between  Webster  square  and  Lowell  street. 

There  are  several  petitions  for  surface  water  sewers  in  thill 
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district,  some  of  which  are  needed  and  should  be  constructed  at 
once. 

As  stated  in  the  reports  of  previous  years,  the  outfall  sewer 
constructed  to  carry  the  sewage  to  the  disx)osal  works  is  also 
intended  to  be  the  main  sewer  of  the  Quinsigamond  district.  I 
can  see  no  reason  why  sewers  cannot  now  be  constructed  at  any 
time  in  any  of  the  streets  of  the  district.  A  sewer  has  been 
ordered  in  Perry  street  and  is  now  in  process  of  construction. 
It  is  the  only  sewer  so  far  constructed  for  sewage  purx>oses  in 
this  locality. 

In  this  connection  I  desire  to  again  call  your  attention  to  the 
fact,  that  the  plans  of  this  and  the  New  Worcester  district  call 
for  the  construction  of  sewers  by  what  is  known  as  the  ^'separ- 
ate" system,  i.  e.,  small  pipe  sewers  are  to  be  laid  for  the  pur- 
pose of  caring  for  sewage  proper,  and  larger  sewers  of  pipe  or 
brick,  as  the  case  may  be,  are  to  be  constructed  for  the  purpose 
of  caring  for  surface  or  storm  water. 

As  it  is  probable  that  a  large  number  of  sewers  will  be  con- 
structed in  the  above  localities  in  the  next  three  or  four  years,  I 
most  earnestly  urge  that  rules  governing  the  manner  in  which 
they  are  to  be  used,  may  be  adopted  at  an  early  day.  I  feel 
that  it  is  absolutely  necessary  that  the  use  of  these  sewers  shall 
be  so  regulated  that  nothing  but  sewage  from  buildings  should 
be  discharged  through  them  into  the  outfall  sewer. 

The  question  of  disposal  is  very  much  complicated  by  the 
presence  of  storm  water  in  the  old  system,  and  I  am  very  desir- 
ous to  eliminate  i»s  much  as  possible  this  objectionable  feature 
in  Sewers  that  are     nstructed  in  the  future. 

Sewage  Disposal. 

Since  writing  my^  st  report  the  sewage  disposal  works  have 
been  practically  completed.  The  buildings  are  finished,  the 
machinery  is  in  ox>eration,  and  the  work  of  sewage  disposal  is 
well  under  way,  and  I  am  firmly  convinced  that  the  result  will 
be  entirely  satisfactory,  after  all  the  sewage  of  the  city  is 
brought  to  the  works  for  treatment.  Considerable  improvement 
has  been  noted  in  the  condition  of  the  river  already.  It  is  a 
matter  of  frequent  occurrence  for  people  living  near  the  stream 
below  the  city,  to  state  to  us  that  it  has  been  in  much  better 
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and  the  whole  thoroughly  grouted  with  Portland  cement  mortar. 
This  form  of  construction  has  in  this  case  proved  eminently 
satisfactory.  The  coping  is,  apparently,  as  hard  as  granite ; 
and,  in  many  respects,  is  much  more  satisfactory.  The  walls 
are  absolutely  water-tight. 

After  the  walls  were  finished  the  work  of  concreting  the 
bottom  of  the  tanks  was  begun.  This  concrete  is  made  of 
Bosendale  cement,  sand  and  gravel,  the  prox>ortions  being  the 
same  as  used  in  the  wall  foundations.  This  work  was  princi- 
pally done  in  the  winter  of  1889  and  '90 ;  and  to  prevent  freez- 
ing a  temporary  roof  was  laid  over  the  tanks,  and  a  steam  pipe 
connected  with  the  boiler  of  one  of  the  hoisting  engines  was  run 
through  the  center  of  each  tank.  By  this  means  the  tempera- 
ture was  not  allowed  to  fall  below  40°  Fahrenheit. 

As  fast  as  the  concrete  was  laid  it  was  covered  with  tar  pai)er 
and  sand  to  prevent  its  becoming  washed  while  green,  by  water 
dripping  from  the  roof  which  was  not  made  absolutely  water- 
tight. This  concrete  floor  averages  12"  in  thickness.  It  slopes 
from  each  side  toward  the  centre  with  a  fall  of  one  in  eighty, 
and  has  a  central  drain,  or  trough,  which  also  has  a  slope  of 
one  foot  in  eighty  feet  from  the  outside  end  wall  to  the  central 
channel  (see  Fig.  2). 

There  are  six  tanks,  each  being  100  feet  long — 66.67  feet  wide 
and  7  feet  deep.  When  full  and  in  operation  there  is  five  feet 
in  depth  of  sewage. 

The  central  channel,  including  the  pii)e  arch,  was  then  con- 
structed (see  Fig.  3).  The  side  walls  of  the  arch  are  of  stone 
laid  in  cement  mortar,  26"  in  thickness.  The  arch  is  of  three 
courses  of  brick  and  the  foundations  are  of  cement  mortar.  In 
this  arch  is  laid  the  18"  effluent  pipe,  and  also  the  main  sludge 
drain.  The  pi];>e  (Akron)  is  entirely  surrounded  with  Portland 
cement  mortar  to  insure  its  being  absolutely  water-tight. 

Opposite  the  centre  of  each  tank  is  a  side  arch  extending  to 
the  end  walls  of  the  tanks.  In  these  are  laid  the  pipe  for  emp- 
tying the  tanks,  and  also  the  drain  connecting  the  main  sludge 
drann  with  the  drain  in  the  tanks,  so  that  every  foot  of  pipe  and 
drain  can  be  easily  examined  except  where  they  pass  through 
the  walls. 

The  upi)er  dotted  lines  in  Fig.  3  show  the  side  pipe  connec- 
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tdons,  and  the  lower  dotted  line  the  grade  of  the  side  sludge 
drains. 

Fig.  4  is  a  ground  plan  of  the  same  thing.  The  main  sludge 
drain  is  connected  with  the  sludge  well  located  in  the  basement 
of  the  machinery  building,  at  point  A,  Fig.  2. 

This  well  is  10  feet  in  diameter  and  8  feet  deep.  The  excava- 
tion was  entirely  in  quicksand.  The  well  is  constructed  of 
brick,  laid  in  Portland  cement. 

The  next  thing  in  order  was  the  construction  of  the  main 
channel,  used  to  conduct  the  sewage  to  the  tanks.  The  space 
between  the  side  walls  of  the  arched  chamber  and  the  end  walls 
of  the  tanks  was  first  filled  with  puddled  or  packed  gravel. 
Upon  this  was  placed  8  inches  of  Portland  cement  concrete, 
finished  to  a  very  smooth  surface  on  top.  This  forms  the  floor 
of  the  channel.  This  channel  is  divided  in  the  middle,  except 
at  its  lower  end,  by  a  wall  of  brick  work,  12"  thick,  which  is 
surmounted  by  a  coping  of  Portland  cement  concrete. 

In  general  section,  each  channel  is  10  feet  wide  and  two  feet 
deep  (see  Figs.  2  and  3).  The  grade  of  this  channel  is  very 
slight,  except  where  it  passes  tank  No.  1,  the  elevation  at  the 
outlet  of  tank  No.  1  being  420.90,  while  the  elevation  at  the 
point  where  the  effluent  is  discharged  from  tank  No.  6  is  420.72. 
The  fall  in  passing  tank  No.  1  is  one  foot,  and  there  is  a  drop 
of  one  foot  from  the  channel  at  the  first  weir  to  the  surface  of 
the  sewage  in  the  tank,  when  filled.  The  tanks  are  so  arranged 
that  they  can  be  used  separately  or  altogether,  the  flow  to  and 
from  each  being  regulated  by  flash  boards  at  the  weirs  (see 
Fig.  2). 

The  walls  of  the  gate  and  screen  chamber  are  constructed  of 
brick,  laid  in  cement  mortar. 

The  mouth  of  the  outfall  sewer  is  at  the  ux^>er  end  of  this 
chamber.  It  is  divided  by  partition  walls  into  four  sections, — 
first,  the  receiving  chamber,  which  is  18  feet  long  and  6  feet 
wide ;  second,  two  screen  chambers,  each  15  feet  long  and  8.5 
feet  wide,  so  arranged  that  while  one  is  being  cleaned  the  other 
is  in  use ;  and  third,  the  outlet  chamber  which  is  18  feet  wide  at 
upx>er  end  and  3^  feet  wide  at  lower  end,  and  is  7  feet  long, 
(see  Fig.  2). 

The  gates  controlling  the  flow  of  the  sewage  are  of  wood,  an 
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.ordinary  rack  and  pinion  hoisting  apparatas  being  used.     The 
ficreena  are  made  of  flat  bars  of  iron  with  i  *  spaces  between. 
The  mixing  channel  extends  from  the  lower  end  of  the  screen 

,  Camber  to  the  inlet  weir  of  the  first  tank.  The  walls  are  of 
brick,  laid  in  cement  mortar,   and  capped  with  a  coping  of 

.  Portland  cement  concrete.  The  bottom  or  floor  is  also  of 
Portland  cement  concrete.  There  are  five  baffle  plates  of  wood 
projecting  into  this  channel  (see  Fig.  2),  so  arranged  as  to 

.  bresk  the  flow  of  the  sewage  and  to  agitate  it  sufficiently  to 
thoroughly  mix  the  chemicals  with  it.  This  mixing  channel, 
which  is  46.4  feet  long,  has  a  fall  of  9  inches. 

The  overflow  steps  and  the  effluent  drain,  shown  in  Figs.  6, 
7  and  8,  together  with  the  42"  waste  drain,  were  the  last  pieces 

.  .of  masonry  to  be  constructed.  The  steps  are  of  granite,  cut 
faces,  and  rest  upon  a  foundation  of  rubble  masonry  laid  in 

i  cement. 

Under  the  steps  is  the  culvert  into  which  the  effluent  pipe 

,  discharges,  and  which  conducts  the  water  from  the  pipe  to  the 
effluent  drain  (see  Figs.  6  and  8). 

.  The  space  between  the  bottom  of  the  steps  and  the  mouth  of 
the  effluent  drain  is  paved  with  selected  granite  street  blocks, 
laid  in  Portland  cement  and  mortar.  Effluent  and  waste  drains 
are  constructed  of  brick,  8  inch  rings,  the  waste  drain  being  cir- 
cular in  shape,  while  the  effluent  drain  is  of  the  shape  shown  in 
Fig.  7.  The  two  join  at  the  northeast  comer  of  Tank  No.  6, 
from  this  "point  discharging  into  the  river  through .  a  common 
channel  (see  Fig.  2).  The  tanks  cost  $40,000,  which  is  exactly 
the  estimated  cost. 

The  buildings  are  all  of  wood,  and  consist  of  an  engine  house, 
boiler  house,  machinery  building,  coal  sheds,  gate  and  screen 
house  and  laboratory  with  sheds  attached.  The  different  build- 
ings  are  of  the  foUowiag  dimensions :  Engine  house  16.5^x32'; 
boiler  house  15.75'x32';  coal  sheds  24x24';  machinery  house  35x 
40';  gate  house  20x32';  laboratory  and  sheds  23x47';  there  is  also 
a  small  lime  shed  11x24'. 

The  power  is  supplied  by  a  60  horse-power  Brown  engine. 
*This  was  purchased  second-hand,  but  had  been  run  very  little. 
The  boiler  was  supplied  by  Stewart  &  Son,  of  Worcester.  All  of 
the  rest  of  the  machinery  by  Holmes  &  Blanchard  of  Boston,  Mass. 
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On  the  first  floor  of  the  machinery  building  are  the  agitatoiB  and 
vats  for  mixing  the  chemicals  with  water,  preparatory  to  dis- 
charging them  into  the  sewage.  The  vats  are  elliptical  in  8hai>ey 
6x8',  and  are  7  feet  deep.  Two  of  the  vats  are  for  lime 
mixing  and  two  for  sulphate  of  alumina. 

In  each  vat  are  two  peri)endicular  shafts  with  horizontal 
arms.  These  shafts  are  geared  to  the  main  shaft  overhead. 
These  are  for  mixing  together  the  chemicals  and  water.  On  this 
floor  is  also  located  the  well  into  which  crude  sewage  is  nun 
to  supply  water  for  mixing  purx>OBes.  This  sewage  is  pumped 
by  a  four-inch  centrifugal  pump  into  a  tank  on  the  second  floor. 
The  necessary  amount  of  water  required  to  do  the  mixing  in  the 
vats  being  drawn  from  it  as  needed.  In  the  basement  (A  Fig.  2) 
is  the  sludge  well,  as  before  stated,  and  a  six  inch  centrifugal 
pump  for  pumping  the  sludge.  The  second  floor  is  used  for  a 
chemical  room,  the  lime  and  alumina  being  stored  here.  On 
this  floor  is  also  the  crusher  for  pulverizing  the  lime,  the  scales 
for  weighing  the  chemicals,  and  suspended  from  the  floor  above 
is  the  hopper  into  which  the  crushed  lime  is  discharged  after 
being  sifted.  The  sifting  is  done  by  a  revolving  screen  located 
on  the  third  or  upx>er  floor.  The  coarser  particles  are  dis* 
charged  into  a  wooden  trough  which  conducts  them  to  the  floor 
below  where  they  are  re-ground.  The  crushed  lime  is  carried 
from  the  crusher  to  the  screen  by  means  of  buckets  on  an  end^ 
less  belt  similar  to  those  used  in  grain  elevators.  Since  opera- 
tions were  begun  on  the  25th  of  June,  the  amount  of  sewage 
treated  daily  has  averaged  3,000,000  gallons. 

As  previously  stated.  Mill  Brook  is  intercepted  by  the  outfaU 
«ewer  near  the  Washburn  &  Moen  Wire  Works  on  Millbury  St., 
the  flow  being  regulated  by  a  gate  in  the  gate  house  located  at 
this  point.  It  is  not  the  intention  to  be  absolutely  exact  as  to 
the  amount  that  passes  through  this  gate,  but  it  is  kept  open 
sufficiently  to  allow  at  least  3,000,000  gaUons  per  day  to  pass 
through.  If  five  million  gaUons  pass  through,  two  million  gal- 
lons are  turned  into  the  waste  drain  at  the  works  and  pass  off 
into  the  river,  it  making  no  difference  of  course  whether  it  gets 
into  the  river  at  this  point,  or  passes  off  with  the  brook  at  the 
mouth  of  the  main  sewer.  This  method  will  have  to  be  fol- 
lowed until  the  separating  system  is  constructed. 
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The  treatment  which  we  have  finally  adopted  is  the  ''con- 
tinnons  process."  The  sewage,  after  leaving  the  ontfall  sewer, 
enters  the  receiving  chamber  in  the  gate  or  screen  honse.  It 
then  passes  through  the  screens,  where  all  matter  that  would 
tend  to  clog  the  sludge  pump  are  screened  out,  such  as  paper 
and  sticks  of  wood.  It  then  passes  through  the  outlet  chamber 
into  the  mixing  channel.  The  chemicals  are  introduced  at  the 
npper  end  of  this  channel,  being  discharged  through  pipe  con- 
nected with  the  vats  inside  the  building.  After  the  introduc- 
19on  of  the  chemicals  the  sewage  flows  through  the  mixing  chan- 
nel, the  chemicals  being  thoroughly  mixed  with  it  by  the  agita- 
tion produced  by  the  baffle  plates.  From  this  channel  the 
sewage  passes  through  the  fii-st  wier  into  tank  No.  1.  Here 
there  is  a  fall  of  one  foot  which  tends  to  more  thoroughly  mix 
together  the  sewage  and  chemicals,  it  then  passes  very  slowly 
through  tank  1,  out  of  this  tank  through  the  second  weir  into 
the  main  channel,  then  through  the  third  weir  into  tank  2, 
through  tank  2  into  tank  3,  and  thence  through  tanks  4, 5  and  6, 
until  it  is  discharged  finally  through  the  last  weir  and  over  the 
overflow  steps  into  the  effluent  drain,  and  from  thence  into  the 
river;  it  takes  about  six  hours  for  it  to  pass  through  all  the 
tanks.  The  position  of  the  wiers,  and  the  general  arrangement 
of  the  tanks  is  shown  by  Fig.  2. 

When  it  becomes  necessary  to  clean  a  tank,  the  flash-boards 
are  placed  in  the  wiers  connected  with  this  tank,  and  the  sew- 
age is  passed  around  into  the  next  tank  through  the  main  chan- 
nel. Tank  No.  2,  in  Fig.  No.  2  is  represented  as  being  cut  out. 
The  sewage  in  the  tank  to  be  cleaned  is  then  allowed  to  rest 
from  three  to  six  hours,  so  that  thorough  precipitation  will  take 
place  before  the  water  is  drawn  off. 

In  front  of  each  effluent  pipe,  and  projecting  into  the  tank  is 
a  flume  of  wood.  This  flume  is  so  constructed  that  the  water 
can  be  drawn  from  the  surface  by  means  of  flash-boards  6  inches 
deep.  When  the  time  has  arrived  for  drawing  the  water,  the 
first  flash-board  is  removed  and  the  gate  at  the  mouth  of  the 
.effluent  pipe  is  opened.  The  water  flows  over  the  top  of  the 
second  -flash  board  through  the  gate  and  effluent  pipe 
ipto  the  effluent  drain  and  then  into  the  river.  This 
method  is  repeated  until  all  the  boards  have  been  removed  and 
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the  water  drawn  down  to  the  level  of  the  sludge.  The  gate  at 
the  month  of  the  sludge  drain  is  then  opened  and  the  sludge 
flows  through  the  sludge  drains  to  the  sludge  well  under  the 
building.  It  is  pumped  from  this  well  into  a  pipe  carrier,  and 
flows  by  gravity  to  the  sludge  beds  located  on  land  owned  by 
the  city,  situated  on  the  easterly  side  of  the  Providence  & 
Worcester  Railroad,  and  entirely  removed  from  the  works.  This 
land  (about  16.5  acres)  was  selected  for  this  purpose  owing  to 
its  very  favorable  location.  It  is  situated  between  the  railroad 
and  the  river,  is  entirely  isolated,  there  being  no  way  to  reach 
it  except  through  land  ownded  by  the  city.  The  liability  of 
complaint  being  made  by  reason  of  its  near  proximity  to  build- 
ings is  thus  reduced  to  the  minimum.  A  little  over  one-half  of 
the  area  is  low,  swampy  land;  the  remainder  is  covered  with 
knolls  of  gravel. 

At  present  11  sludge  beds  are  in  use.  all  being  located  on  the 
low  land.  They  are  formed  by  removing  the  turf  from  the  sur- 
face and  constructing  dykes  with  the  soil  removed.  The  beds 
are  rectangular  in  shape,  and  are  about  100  feet  square.  One 
day's  sludge  is  pumped  into  each  bed.  It  is  then  allowed  to 
rest  for  11  days,  the  second  bed  receiving  the  sludge  the 
next  day,  and  so  on  through  the  series.  This  is  done  to 
avoid  any  possible  chance  of  a  nuisance  arising  from  any  one 
bed  being  overcharged.  Occasionally  a  layer  of  gravel  is  spread 
over  the  accumulated  sludge.  In  this  way  it  is  intended  to 
grade  the  surface  of  the  entire  area,  after  which  it  is  intended 
to  erect  a  destructor  upon  the  land  and  burn  the  sludge, — ^which, 
from  experiments  that  have  been  made,  I  am  convinced  can  be 
easily  done.  These  beds  have  been  in  almost  constant  use 
since  the  works  were  put  in  operation,  and  there  has  never  been 
the  least  trace  of  bad  odor  arising  from  them  even  during  the 
hot  summer  months.  This  is,  without  doubt,  due  not  only  to 
the  care  that  has  been  used  in  not  allowing  them  to  be  over- 
charged, but  also  to  the  character  of  the  sewage,  and  therefore 
to  the  character  of  the  sludge,  it  being  heavily  charged  with 
iron,  salts  and  lime.  Everything  that  would  tend  to  create  a. 
nuisance  seems  to  be  entirely  killed  out. 

The  precipitation  takes  place  principally  in  the  first  three 
tanks.     The  sludge  has  to  be  removed  from  tanks  Nos.  1  and  2 
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about  once  in  36  hours  in  warm  weather,  but  during  cold  weather 
we  have  been  able  to  go  four  days  without  cleaning,  without 
I>erceptibly  affecting  the  character  of  the  effluent.  Tank  No.  3 
is  cleaned  every  two  or  three  days  in  warm  weather,  and  once  in 
7  or  8  days  in  cold  weather.  Tanks  4,  5  and  6  accumulate  very 
little  sludge;  but  they  are  cleaned  as  often  as  is  necessary, — 
about  once  a  week  in  the  hottest  weather  and  once  in  three 
weeks  during  the  colder  period.  In  the  first  two  tanks  during 
warm  weather,  or  when  the  sludge  is  removed  once  in  36  hours, 
the  accumulation  is  aboujb  10  inches  deep  over  the  entire  bottom 
surface.  No.  3,  when  cleaned  once  in  three  days  has  a  depth  of 
sludge  of  about  8  inches.  Nos.  4, 5  and  6  when  cleaned  once  a  week, 
have  an  accumulation  of  about  6  inches.  The  sludge  is  about  95 
percent,  water;  and  after  it  has  been  spread  upon  the  sludge  beds 
for  about  9  days  this  almost  entirely  disappears.  The  precipi- 
tant principally  used  at  the  works  is  Vermont  lime.  This  has 
proved  to  be  much  better  for  our  use  than  either  eastern  or 
western  lime.  It  costs,  delivered  at  the  works,  about  $7.00  per 
ton.  The  sulphate  of  alumina,  which  is  used  in  limited  quanti- 
ties, costs  about  $25.00  per  ton  delivered. 

The  sewage  is  extremely  acid,  owing  to  the  fact  that  large 
quantities  of  sulphuric  and  muriatic  acids  are  discharged  into 
the  sewers  from  iron  manufacturing  establishments.  This  acid 
does  not  apx)ear  at  the  works  in  uniform  quantities,  but  is  ex- 
tremely intermittent.  It  generally  makes  its  appearance  once 
in  about  6  hours,  although  there  is  always  acid  present  in 
the  sewage.  The  heavyflow  of  acid  sewage  generally  lasts  about 
one  and  one-half  hours. 

In  order  to  get  i)erfect  precipitation  and  a  good  effluent,  we 
have  found  that  it  is  necessary  to  neutralize  this  acid,  or  in 
other  words,  to  make  the  sewage  alkaline.  This  is  done  by  in- 
troducing a  sufficient  quantity  of  lime  to  accomplish  the  object. 
It  is  therefore  necessary  to  test  the  sewage  at  very  frequent  in- 
tervals during  the  24  hours.  Samples  of  the  sewage  are  taken  in 
glass  beakers  after  the  chemicals  are  introduced  and  the  test  is 
made  in  the  laboratory.  As  a  test  for  alkalinity,  phenolphtha- 
lein  is  used.  A  very  small  quantity  is  dropped  into  the  beaker 
of  sewage,  and  if  the  liquid  turns  red  the  sewage  has  been  made 
alkaline  by  the  lime;  if  the  color  remains  unchanged  more  lime 
must  be  introduced. 
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The  snlphate  of  alnmina  is  used  with  the  lime  on  occasion 
when  there  is  not  Bafficient  iron  salts  in  the  sewage,  to  act  with 
the  lime  in  prodacing  a  good  efflaent,  generally  Sacdays  and 
Mondays.  The  qaantity  of  lime  used  varies  with  the  varying 
character  of  the  sewage.  We  have  fonnd  by  experience,  that 
there  is  no  fixed  role  that  can  be  followed.  The  nnmber  of 
grains  per  gallon  varies  from  one,  to  two  hnndred  of  lime,  and 
from  one,  to  forty  of  alumina.  The  lai^r  amonnts  are  for  short 
intervals  of  time,  so  that  the  average  for  24  honre  rarely  exceeds 
8  grains  of  lime  and  4  of  alumina  per  gallon. 

When  operations  were  first  begun  the  tanks  were  used  inter- 
mittently, and  a  fixed  amount  of  lime  per  gallon  was  used,  that 
is,  16  grains,  say,  of  lime  per  gallon  was  used  without  regard  to 
the  character  of  the  sewage,  as  is  the  practice  in  many  of  the 
European  works.  It  was  soon  found  that  while  at  times  the 
effluent  would  be  very  fine,  at  other  times  it  would  be  very  poor. 
And  we  soon  fonnd  that  in  order  to  obtain  auniformly  good  efflu- 
ent the  quantities  of  lime  or  alumina  had  to  be  increased  or  dim- 
inished, as  the  character  of  the  sewage  varied,  so  the  series  of 
tests  previously  spoken  of,  were  resorted  to  and  have  been  con- 
stantly adhered  to  since,  with  the  result  of  obtaining  an  efflnent 
of  remarkably  uniform  character. 

Alter  we  were  satisfied  that  we  had  discovered  the  correct - 
principle  of  applying  and  mixing  the  chemicals,  the  tanks  were 
used  continuously,  i.  e.  the  sewage  was  allowed  to  run  through 
the  entire  series,  as  at  present,  and  this  plan  has  been  followed 
ever  since. 

At  first,  there  were  days  at  a  time  when  as  high  as  4  tons  of 
lime  was  used,  and  very  much  larger  quantities  of  alumina  than 
at  present.  Experiments  without  nnmber  were  made  to  see  if 
this  excessive  use  of  chemicals  could  not  be  reduced,  and  finally 
the  following  plan,  which  has  been  extremely  satisfactory,  was 
hit  upon. 

al  of  the  acid  sewage  at  the  works  is  anticipated,  and 
i  are  made  so  that  when  it  arrives  it  is  thorongbly 
lime,  making  it  alkaline.  As  this  fiow  generally 
r  and  a  half  at  a  time,  tanks  1  and  2  become  heavily 
1  it.  After  this  extremely  acid  sewage  has  passed 
cs,  the  machinery  is  stopped,  and  no  more  chemicals 
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ure  added  until  the  airival  of  the  next  dose  of  acid  in  large 
qaantitieBy — generally  from  four  to  five  hours. 

During  this  interval  of  time,  the  sewage  that  passes  by  the 
works  and  into  the  tanks  is  so  thoroughly  treated  by  the  iron 
salts  and  lime  present  in  the  extremely  acid  sewage  that  has  just 
preceded  it,  that  the  effluent  is  as  good,  if  not  better,  than  it 
would  be  if  chemicals  were  applied  as  it  passed  the  works.  In 
other  words,  there  is  an  excess  of  chemical  matter  in  the  acid 
sewage  after  the  lime  is  added,  which  is  utilized  as  a  precipi- 
tant, by  passing  crude  sewage  through  the  tanks  heavily  charged 
with  it.  Experience  has  demonstrated  that  crude  sewage  passed 
through  tanks  1  and  2  previously  filled  with  the  acid  sewage, 
will  become  mixed  with  it,  and  that  this  can  be  relied  upon  to 
•do  its  work  thoroughly  for  intervals  of  from  4  to  5  hours.  This 
has  resulted  in  the  saving  of  large  quantities  of  lime,  the  amount . 
now  used  per  day  being  about  one-half  the  amount  used  for 
sometime  after  the  works  were  put  in  ox)eration. 

All  the  lime  and  alumina  used  is  weighed  in  the  chemical  room 
before  it  is  turned  into  the  vats.  In  this  way  the  number  of 
grains  per  gallon  is  determined. 

I  have  already  described  the  manner  in  which  the  sewage  is 
tested,  the  object  being  to  have  it  alkaline  when  it  enters  the 
tanks.  If  it  is  necessary  to  increase  or  diminish  the  quantity  of 
<;hemicals  used,  the  person  making  the  tests  gives  the  order 
through  a  speaking  tube  connecting  the  laboratory  with  the 
•chemical  room.  All  orders  are  given  in  grains  per  gallon.  For 
instance,  if  it  is  desired  to  nse  10  grains  of  lime  per  gallon  12 
lbs.  of  lime  is  x>oured  into  the  vats  once  in  4  minutes.  If  it  is 
necessary  to  increase  to  20  grains  per  gallon,  23.75  lbs.  is  used 
«very  4  minutes;  thirty  grains  calls  for  26.75  lbs.  every  3 
minutes;  fifty  grains  calls  for  44.75  lbs.  every  3  minutes;  100 
grains,  89  lbs.  every  3  minutes ;  150  grains,  89  lbs.  every  2  min- 
utes ;  200  grains,  119  lbs.  every  two  minutes ;  300  grains,  89  lbs. 
once  a  minute.  The  above  is  on  a  basis  of  3,000,000  gallons  in 
24  hours.  Tables  have  been  prepared,  and  are  kept  in  the  chemi- 
cal room  in  a  conspicuous  place  so  that  the  operative  there  can 
tell  at  a  glance  the  number  of  pounds  of  lime  or  alumina  he  is  to 
put  into  the  vats,  in  response  to  the  order  from  the  laboratory. 

It  is  not  my  purpose  in  this  report  to  give  the  result  of  analy- 
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The  sulphate  of  alamina  is  used  with  the  lime  on  occasion 
when  there  is  not  sufficient  iron  salts  in  the  sewage,  to  act  with 
the  lime  in  producing  a  good  effluent,  generally  Sundays  and 
Mondays.  The  quantity  of  lime  used  varies  with  the  varying 
character  of  the  sewage.  We  have  found  by  exi>erience,  that 
there  is  no  fixed  rule  that  can  be  followed.  The  number  of 
grains  per  gallon  varies  from  one,  to  two  hundred  of  lime,  and 
from  one,  to  forty  of  alumina.  The  larger  amounts  are  for  short 
intervals  of  time,  so  that  the  average  for  24  hours  rarely  exceeds 
8  grains  of  lime  and  4  of  alumina  per  gallon. 

When  oi>erations  were  first  begun  the  tanks  were  used  inter- 
mittently, and  a  fixed  amount  of  lime  per  gallon  was  used,  that 
is,  15  grains,  say,  of  lime  per  gallon  was  used  without  r^ard  to 
the  character  of  the  sewage,  as  is  the  practice  in  many  of  the 
European  works.  It  was  soon  found  that  while  at  times  the 
effluent  would  be  very  fine,  at  other  times  it  would  be  very  poor. 
And  we  soon  found  that  in  order  to  obtain  a  uniformly  good  efflu- 
ent the  quantities  of  lime  or  alumina  had  to  be  increased  or  dim- 
inished, as  the  character  of  the  sewage  varied,  so  the  series  of 
tests  previously  spoken  of,  were  resorted  to  and  have  been  con- 
stantly adhered  to  since,  with  the  result  of  obtaining  an  effluent 
of  remarkably  uniform  character. 

After  we  were  satisfied  that  we  had  discovered  the  correct 
principle  of  appljdng  and  mixing  the  chemicals,  the  tanks  were 
used  continuously,  /.  e.  the  sewage  was  allowed  to  run  through 
the  entire  series,  as  at  present,  and  this  plan  has  been  followed 
ever  since. 

At  first,  there  were  days  at  a  time  when  as  high  as  4  tons  of 
lime  was  used,  and  very  much  larger  quantities  of  alumina  than 
at  present.  Experiments  without  number  were  made  to  see  if 
this  excessive  use  of  chemicals  could  not  be  reduced,  and  finally 
the  following  plan,  which  has  been  extremely  satisfactory,  was 
hit  upon. 

The  arrival  of  the  acid  sewage  at  the  works  is  anticipated,  and 
preparations  are  made  so  that  when  it  arrives  it  is  thoroughly 
treated  with  lime,  making  it  alkaline.  As  this  flow  generally 
lasts  an  hour  and  a  half  at  a  time,  tanks  1  and  2  become  heavily 
charged  with  it.  After  this  extremely  acid  sewage  has  passed 
into  the  tanks,  the  machinery  is  stopped,  and  no  more  chemicals 
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are  added  until  the  arrival  of  the  next  do«e  of  add  in  Isrge 
qnantitieBy — generally  from  fonr  to  five  hours. 

Daring  this  interval  of  time,  the  sewage  that  pusses  by  the 
works  and  into  the  tanks  is  so  thorong^y  treated  by  the  iron 
salts  and  lime  present  in  the  extremely  acid  sewage  that  has  just 
preceded  it,  that  the  effluent  is  as  good,  if  not  better,  than  it 
would  be  if  chemicals  were  applied  as  it  passed  the  works.  In 
other  words,  there  is  an  excess  of  chemical  matter  in  the  acid 
sewage  after  the  lime  is  added,  which  is  ntilized  as  a  precipi- 
tant, by  passing  crude  sewage  throng  the  tanks  heavily  charged 
with  it.  Experience  has  demonstrated  that  crude  sewage  passed 
through  tanks  1  and  2  previously  filled  with  the  acid  sewage, 
will  become  mixed  with  it,  and  that  this  can  be  relied  upon  to 
do  its  work  thoroughly  for  intervals  of  from  4  to  5  hours.  This 
has  resulted  in  the  saving  of  large  quantities  of  lime,  the  amount 
now  used  per  day  being  about  one-half  the  amount  UKed  for 
sometime  after  the  works  were  put  in  operation. 

All  the  lime  and  alumina  used  is  weighed  in  the  chemical  room 
before  it  is  turned  into  the  vats.  In  this  way  the  number  of 
grains  per  gallon  is  determined. 

I  have  already  described  the  manner  in  which  the  sewage  is 
tested,  the  object  being  to  have  it  alkaline  when  it  enters  the 
tanks.  If  it  is  necessary  to  increase  or  diminish  the  quantity  of 
-chemicals  used,  the  person  making  the  tests  gives  the  order 
through  a  speaking  tube  connecting  the  laboratory  with  the 
•chemical  room.  All  orders  are  given  in  grains  per  gallon.  For 
instance,  if  it  is  desired  to  use  10  grains  of  lime  per  gallon  12 
lbs.  of  lime  is  poured  into  the  vats  once  in  4  minutes.  If  it  is 
necessary  to  increase  to  20  grains  per  gallon,  23.75  lbs.  is  used 
every  4  minutes;  thirty  grains  calls  for  26.75  lbs.  every  3 
minutes;  fifty  grains  calls  for  44.75  lbs.  every  3  minutes;  100 
grains,  89  lbs.  every  3  minutes ;  150  grains,  89  lbs.  every  2  min- 
utes ;  200  grains,  119  lbs.  every  two  minutes ;  300  grains,  89  lbs. 
once  a  minute.  The  above  is  on  a  basis  of  3,000,000  gallons  in 
24  hours.  Tables  have  been  prejiared,  and  are  kept  in  the  chemi- 
cal room  in  a  conspicuous  place  so  that  the  operative  there  can 
tdl  at  a  gplance  the  number  of  pounds  of  lime  or  alumina  he  is  to 
put  into  the  vats,  in  response  to  the  order  from  the  laboratory. 

It  is  not  my  purpose  in  this  report  to  give  the  result  of  analy* 
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of  the  invert  in  the  old  sewer  are  very  badly  out  of  repair,  and 
more  or  less  solid  matter  will  be  deposited  at  such  points.  This 
extra  amount  of  water  will  be  taken  to  the  works  and  treated 
before  it  is  turned  into  the  river. 

In  this  connection  I  desire  to  call  your  attention  to  the  fact 
that  wherever  the  invert  has  been  reconstructed  .of  concrete 
there  has  been  no  deposit,  and  not  a  dollar  for  cleaning  at  these 
X>oints  has  been  expended. 

We  have  one  section  of  4,000  feet  that  has  been  in  use  nine 
years.  Every  particle  of  the  sewage  of  the  city  has  passed 
through  it  in  that  time,  and  no  cleaning  has  been  done ;  there  is 
absolutely  no  deposit. 

In  time  the  entire  invert  will  have  to  be  reconstructed  in  a 
similar  manner,  but  there  need  be  no  great  hurry  about  it.  I 
should  say,  however,  that,  as  a  matter  of  economy,  a  portion 
should  be  done  each  year.  When  this  is  finished,  there  will  be 
no  further  need  of  cleaning  the  channel. 

The  excess  of  water  during  storms  in  the  lateral  sewers  will 
escape  over  a  storm  overflow  at  the  lower  end  of  the  present 
main  sewer.  By  this  plan  all  the  sewage  of  the  city  can  be 
treated  except  during  freshets,  and  then  it  will  be  so  diluted  with 
storm  water  that  no  possible  harm  will  be  done  if  a  portion  of  it 
escapes  into  the  river. 

In  case  intercepting  sewers  were  constructed,  a  storm  overflow 
would  have  to  be  provided  at  the  mouth  of  each  lateral  sewer  so 
that  the  effect  would  be  exactly  the  same,  so  far  as  polluting  the 
river-is  concerned. 

In  my  opinion  the  plan  proposed  is  simpler,  cheaper,  and  will 
do  the  work  fully  as  well  as  any  other  that  has  been  suggested. 

In  closing,  I  desire  to  thank  the  committee  for  the  uniform 
courtesy  and  kindness  with  which  they  have  always  treated  me, 
and  for  the  great  help  that  their  cordial  supx>ort  has  always  been 
in  solving  the  difficult  problems  that  have  had  to  be  considered. 

I  also  wish  to  express  my  great  satisfaction  with  the  manner 
in  which  Mr.  McClure,  the  Assistant  Engineer,  and  other  assist- 
ants have  performed  their  duties. 

Bespectfully  submitted, 

CHAELES  A.  ALLEN, 

City  Engineer, 
WoBCBSTER,  Dec.  29th,  1890. 
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The  Joint  Standing  Committee  on  Sewers  herewith  submits 
its  report  for  the  year  ending  Nov.  30th,  1891,  accompanied  by 
the  reports  of  the  Saperintendent  of  Sewers  and  the  City 
Engineer. 

At  the  beginning  of  the  year  the  system  of  sewerage  contained 
76.59  miles.  There  has  been  added  to  this  daring  the  present 
season  .95  miles  of  trunk  sewers  and  3.40  miles  of  lateral 
sewers,  total  4.35  miles, — making  the  total  of  the  entire  system 
at  the  present  time  80.94  miles. 

Special  attention  has  been  given  to  extending  the  system 
known  as  the  ''  Hermitage  Brook ''  system  and  in  the  Adams 
Square  district.  The  trunk  sewer  in  Shrewsbury  street  has 
also  been  extended  to  the  grounds  of  the  State  Lunatic  Asylum. 
The  settling  of  the  land  in  what  is  known  as  the  ^<  Island 
District"  made  it  imperative  to  reconstruct  the  Bradley  street 
sewer.  The  details  connected  with  each  of  these  will  be  found 
in  Sujierintendent  McClure's  report. 

Attention  has  also  been  given  to  the  arching  of  Mill  Brook 
Sewer  from  the  northern  line  of  Crompton  Park  through  the 
Park  at  an  expense  of  $9,320.30.  A  large  number  Of  petitions 
have  been  presented  and  attention  has  been  given  to  as  many 
localities  as  it  has  been  possible  to  serve  with  the  amount  of 
money  at  the  disposal  of  the  committee.  Much  more  needs  to 
be  done  in  the  extension  of  both  main  and  lateral  lines.  There 
are  now  sections  of  the  city  where  the  committee  would  have 
been  pleased  to  have  put  in  sewers  which  are  very  much  needed, 
especially  in  the  Belmont  street  and  Hermitage  Brook  localities. 

The  general  condition  of  the  sewers  of  the  city  is  excellent. 
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The  policy  has  been  to  do  whatever  was  done  thoroughly  and 

substantially. 
The  total  expense  for  the  year  has  been  as  follows: — 
For  Construction,  962,457  14 

For  Arching  Mill  Brook,  9,320  30 

Purification  Works,  27,761  96 

Maintenance,  14,385  02 


•113,924  41 

An  item  of  interest  in  the  cost  of  maintenance  deserves  notice 
here.  With  over  four  miles  of  line  more  than  last  year  the  cost 
this  season  has  been  $14,385.02  as  against  914,731.38 — a  saving 
of  more  than  $350.  This  has  been  due  largely  to  the  dry 
season  which  has  worked  advantageously  so  far  as  the  sewerage 
is  concerned.  The  cost  for  maintenance  next  year,  with  over 
eighty  miles  to  care  for,  and  considering  the  fact  that  the  out- 
fall sewer  must  be  cleaned  and  the  probability  that  the  weather 
will  not  be  as  favorable  as  this  season,  will  add  considerably  to 
the  expense  in  this  direction. 

The  Purification  Works  at  Quinsigamond  have  attracted  the 
attention  of  many  citizens  and  a  large  number  of  people  from 
outside  the  city  who  are  interested  in  the  very  important 
question  of  sewage  disposal,  and  while  there  is  yet  very  much 
to  be  done  and  difficult  problems  to  be  solved,  your  committee 
feels  that  no  mistake  has  been  made  and  that  the  money  thus 
far  exi>ended  has  been  along  the  line  which  promises  ultimate 
success.  The  work  accomplished,  while  only  partial  as  com- 
pared with  what  remains  to  be  done,  is  highly  satisfactory,  and 
all  that  could  be  fairly  required  of  the  city  in  the  short  time 
intervening  has  been  accomplished.  Your  committee  is  of  the 
opinion  that  the  work  upon  the  present  plan  should  be  in- 
creased. Sewage  can  and  is  being  practically  treated  by 
chemical  precipitation. 

The  two  important  factors  are — the  quantity  to  be  treated, 
and  the  disposal  of  what  is  called  sludge. 

In  order  to  treat  the  entire  fiow,  the  waters  coming  down 
from  above  the  city  should  be  separated,  as  has  been  suggested 
in  several  rei)ort8.  It  will  also  be  necessary  probably  to  build 
four  new  tanks. 
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With  these  two  important  changes  made,  the  present  flow 
ooold  nndoabtedly  be  cared  for  in  a  manner  which  would 
give  entire  satisfaction.  The  problem  then  woald  be  the  dis- 
posal of  the  sludge.  During  the  year  a  new  furnace  has  been 
erected  for  burning  this  with  quite  satisfactoiy  results.  For 
more  detail  with  reference  to  these  questions  we  refer  you  to  the 
reports  of  the  City  Engineer  and  Superintendent  of  Sewers. 

In  the  early  spring  the  city  lost  in  the  death  of  Mr.  Bichard 
Fobes  a  faithful,  efficient  o^oer,  a  man  who  had  made  a  care- 
ful study  of  his  chosen  profession  and  was  becoming  more  and 
more  valuable  each  year  to  the  city.  As  an  officer,  Mr.  Fobes 
was  quick,  clear-headed  and  a  pleasant  man  to  be  associated 
with.  As  an  employer  of  men,  he  was  just,  firm,  efficient, 
beloved  by  all.  As  a  friend,  he  was  social,  genial  and  is  great- 
ly missed. 

On  March  17th,  1891,  the  City  Council  elected  Mr.  Fred  A. 
McClure  to  fill  the  vacancy  caused  by  the  death  of  Mr.  Fobes. 
The  members  of  the  committee  are  pleased  to  make  mention  of 
the  thorough  manner  in  which  Mr.  McClure  has  taken  up  this 
work  and  of  their  very  pleasant  associations  with  him  and  with 
the  City  Engineer. 

We  believe  that  ultimate  success  will  crown  the  efforts  of  the 
dty  in  this  matter  of  sewage  disiK>sal,  and  that  these  two 
officers  will  contribute  largely  to  this  desired  result. 

FRANCIS  A.  HARRINGTON, 
FRANCIS  PLUNKETT, 
GEO.  C.  WHITNEY, 
ROCKWOOD  HOAR, 
GEO.  S.  DIXON, 
ALEXANDER  BELISLE,  JE., 
F.  A.  ATHERTON. 

Joint  Standing  Committee  on  Sewers. 


REPORT  OF  THE  SUPERINTENDENT  OF 

SEWERS. 


To  the  Joint  Standing  Committee  on  Sewers: 

Gentlemen  :  — I  respectfully  submit  the  following  report : 

The  work  of  this  department,  with  which  you  have  been 
intimately  associated,  has  actively  progressed  throughout  the 
season,  and  substantial  gains  to  the  sewerage  system  in  the 
several  districts  have  been  made.  One  year  ago  this  month, 
work  was  begun  ux>on  the  Bichland  street  sewer,  which  was 
brought  to  a  successful  termination  in  the  early  spring.  The 
nature  of  this  work  required  excessive  excavations  in  ledge, 
which  x>ermitted  its  construction  during  the  winter  months. 
It  has  been  a  noticeable  fact  that  this  material  has  developed  to 
an  unusual  extent  during  the  season's  work,  adding  largely 
to  the  expense ;  a  feature  discernable,  with  one  exception,  on 
every  trunk  sewer  constructed.  The  main  sewer  for  the  Adams 
Square  district  has  been  extended  from  Crescent  street  to  the 
Square,  with  laterals  in  Lincoln  street  and  Washington  avenue, 
affording  partial  relief  to  this  populous-growing  vicinity.  Other 
additions  are  greatly  needed  in  this  district,  and  require  con- 
sideration. The  sewer  through  the  valley  of  the  Hermitage 
Brook  has  been  extended  to  Catharine  street,  from  which  point 
the  pressing  needs  of  the  near  locality  can  be  readily  relieved. 
The  Bradley  street  sewer,  with  the  laterals  in  Gold  street  court, 
which  was  found  to  be  in  such  a  defective  state  as  to  be  nearly 
useless,  has  been  reconstructed.  The  underlying  material 
through  which  this  sewer  passes,  is  a  soft  mud  of  such  an 
unstable  nature  that  the  entire  vicinity  seems  to  have  settled 
and  carried  the  sewer  with  it.  The  reconstructed  sewer  is 
built  upon  piles,  the  driving  of  which  in  one  place  was  carried 
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down  to  the  depth  of  seventy  feet  before  bottom  was  found. 
During  construction  these  piles  were  placed  longitudinally  four 
feet  ajMirt,  and  were  capi)ed  with  two  timbers  6x6  inches  square 
thoroughly  spiked  down.  Upon  the  top  of  these  timbers,  the 
pipe  was  laid  and  confined  by  gravel  solidly  tamped. 

£xx>ensive  sewers  have  also  been  built  in  Shrewsbury, 
Vernon,  Grafton  and  East  KendaU  streets.  Another  section  of 
Mill  Brook  has  been  arched,  extending  from  Endicott  street 
to  the  southerly  line  of  Crompton  Park.  The  New  Worcester 
district  received  attention  early  in  the  season,  several  laterals 
being  built  in  this  system  besides  the  construction  of  sewers  in 
Lake  and  Cambridge  streets  for  the  relief  from  surface  water. 
In  connection  with  this  district  and  also  others  that  are  being 
constructed  on  the  principle  known  as  the  < 'separate  system," 
I  desire  particularly  to  call  your  attention.  Many  of  these 
sewers  that  are  designed  wholly  as  sewage  carriers,  are  often 
utilized  to  convey  large  quantities  of  surface  water,  through  the 
house  connections.  This  feature  being  foreign  to  the  purposes 
for  which  they  are  built,  and  the  results  in  a  measure  antagoniz- 
ing the  efforts  at  purification,  it  is  of  the  utmost  Importance 
that  measures  should  be  taken  regulating  their  use. 

The  following  table  shows  the  size,  length,  cost  and  location 
of  all  the  sewers  built  by  the  Department  during  the  year : 
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Tablk  of  Sbwsbs  COnbtruotsd  DUEnro  Fiwakcial  Year  of  1891. 


RaddingOoozt 
Hulow 


UdooIii.*    •••••• 


Waahington  A^. 

AahtOQ 

Hennltace  Brook 
EastKeiMtell.... 

Bodn^ 

Sewara 

>f^»^i»ii 

ShrawtlmiT 

Qrafton 

Water 

Bradley  and 

Gold8t.0ourt... 
MU  Brook 

m^Mm^wfl  ....... 

Vernon. •••••••• 

Surface  Sewer 

Tatman < 

TTannaii ..< 

Pitt 

Colton 

RiTerride 

Lewis 

Garsoo  Ooiirt... 
KtaurOourt..... 

Sottthgate 

Surface  Sewer.. 

Tainter 

Cambridge ..... 

Agawam 

TtrreU 

LoweU 

Lake  Surface 
Sewer 

Park  Ato 

Downing 

Parker 

Winileld 

Queen 


L0C4T101I. 


Greeoent  Street  to  linooln. 


Oreen  Lane  to  Brfttan  Square. 


Uncoln  Stnet  to  Uxbrldge . 


• . ... >•■ 


Waahfngton  Ave.  noutherly . . . 
Kendall  Street  to  Oathartee. . . 
Eastern  Ato.  to  Rodney  Street 
Bast  Kendall  Street  sontheriy. 

Shrewsbury  Street  to  Wilson 

Shrewabuiy  Street  to  Wilson 

Putnam  Lane  to  State  Lunatic  Hos- 
pital Land..... 


I 
\ 


\ 


Houghton  Street  to  Hale 

Fox  Street  northerly 

Qokl  Street  to  Washington 

Assonet  Street  to  I^martlne 

Bndicott  St.  to  s'th  line  Crompton  F 
Ward  Street  to  Vernon 


I 


Woodalde  Street  southerly ,  | 

Washburn  A  Moen  HTg  Oo.  yard.... 

Outfall  Ave.  wvsteriy 

Cambridge  Street  to  Sherman 

Cambridge  Street  to  Sherman 

Washburn  Street  to  Southbridge 

Southbridge  Street  easterly 

Southbridge  Street  to  Princeton 

Grand  Street  easteriy 

Southgate  Street  northeriy 

H«cker  Street  easteriy 

Canterbury  St.  to  Knowles  Loom  W*k» 

Ripl^  Street  to  Hammond 

Webster  Square  easterly 

Hain  Street  northerly 

Main  Street  southMiy 

Mafai  Street  to  Freeland 


Leicester  Street  to  Sutton. 


Bfaywood  Street  to  OllTer 

Park  Ave.  southerly 

Park  Are.  to  Bradford  Street. 

Parker  Street  southerly 

King  Street  easteriy 


) 


(Indies.) 


IS 
S6z64 

»ZS0 

26x» 
94x86 

IftOTSl 

U 
IS 
18xS7 
U 
IS 

MOTSl 

S6xM 

IS 

IS 

16 

16 
8Sx48 
80x46 
90x80 

18 
UoTnl 

13 

18 

18 
16  oval 

IS 


IS 
18x87 

IS 
34x88 

13 

16 

18 

13 

ly 

13 

IS 
18 
13 
13 
13 
13 

8 

8 

0 
16 
16ovnl 
13 
18 
16 
94  oval 
13 
IS 
13 


1 

J6 

918.8 

884.1 

1818.7 

87.61 

1088.0 

886.8 

883.8 

178.8 

880.4 

810.4  • 

968.9  ( 

884.0 

660.0 

888.8 

4) 

IIS.O 

St 

366.6 

388.7 

838.81 

068.7  y 

70i.0\ 

488.8  ( 
861.0  ( 

181.7 

441.3 

* 

808.8 

880.0 

888.0 

473.7 

876.8 

813.1 
688.1 

80.6 

008.6 

838.0 

8800 

883.7 

338.6 

871.8 

188.0 

137.4 

170.8 

387.4 

710.8 

908.3 

847.8 

1043.6 

681.8 

488.1) 

667.8} 

806.8) 

680.6 

887.3 

378.1  { 
307.7 i 

8 

801.8 

8 

180.7 

8 

I  Cost. 


$847.00 
8380  84 

6086.07 

10S6.88 

637.76 
8088.66 

1904.38 

ao7.n 
a87.u 

8886.94 

1617.47 
1.71 


4708.80 

9830.80 
9068.74 

8068.78 

110.86 
800.80 
888.88 
757.80 
648.38 
834.77 
884.30 
438.48 
308.60 
907.68 
78.70 
081.44 
179.88 
840.63 
088.43 
638.37 

1760.16 

1670.68 
481.34 

740.86 

814.47 
966.86 


The  system  now  comprises  80.94  miles  of  sewers,  3118  man- 
holes and  1667  catch-basins ;  an  increase  during  the  year  of 
4.35  miles  of  sewers,  212  manholes,  and  73  catch-basins.    The 


\ 
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number  of  permits  issaed  to  connect  with  the  public  sewers  is 
542. 

The  season  has  been  an  unusually  favorable  one  for  the  work 
•of  maintenance  ;  the  absence  of  heavy  rains  reducing  the  usual 
amount  of  wash  that  enters  the  sewers  and  materially  decreasing 
the  cost  of  catch-basin  work,  conditions  that  are  resi>onsible 
for  the  favorable  exhibit  of  expenditures. 

To  dispose  of  the  large  accumulations  collected  from  this 
source,  is  a  question  that  is  becoming  serious;  and  as  the 
former  dumping-grounds  are  prohibited  for  this  purpose,  the 
necessarily  long  hauls  to  a  suitable  place  of  deposit,  largely 
.increase  the  cost.  It  is  believed  that  it  would  be  a  source  of 
economy,  if  much  of  this  material  was  gathered  from  the  streets 
before  reaching  the  semi-fluid  condition  in  the  basins.  During 
the  year  there  have  been  4  catch-basins  rebuilt,  and  repairs 
made  on  96  basins  and  116  manholes,  besides  the  numerous 
alterations  made  necessary  by  street  work.  At  the  beginning 
•of  the  year,  in  the  entire  system  there  remained  115  wooden 
catch-basin  covers,  and  in  continuation  of  previous  policy,  these 
have  been  replaced  by  iron  ones,  thus  completing  this  work  and 
•eliminating  this  feature  of  former  exx>ense. 

There  also  have  been  improvements  made  of  a  character 
greatly  needed,  at  the  department  headquarters,  on  East 
Worcester  street.  An  engine-house  sufficiently  large  to  hold 
the  several  engines  has  been  built,  which  hss  proved  a  relief 
to  the  cramped  quarters  of  the  main  building  and  simplified  the 
loading  and  handling  of  these  machines.  The  yard  in  front  of 
this  building  has  been  paved  with  cobbles  collected  from  work 
in  the  vicinity.  A  new  blacksmith-shop  of  enlarged  dimensions 
has  been  added,  which  permits  of  work  being  done  that  the  old 
.shop  did  not  admit  of. 

The  work  of  sewage  purification  has  been  constant;  and 
while  the  difficulties  have  been  many,  a  considerable  gain  in  the 
prosecution  of  the  work  has  been  made.  On  the  19th  of  June, 
the  treatment  was  increased  to  six  million  gallons  in  24  hours, 
and  although  this  amount  is  considerably  in  excess  of  the 
capacity  of  the  plant,  yet  it  was  thought  to  be  more  beneficial 
to  the  river  than  the  result  would  be  from  a  smaller  amount 
more  thoroughly  precipitated.    There  has  been  treated  during 
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the  year,  1,399  million  gallons  of  sewage ;  and  from  this  amount 
there  has  bcfen  precipitated  22.042  million  gallons  of  sludge, 
which  has  been  pumx)ed  into  the  pits  prepared  for  it.  Of  this 
amount  of  sludge,  the  proportion  of  solids  contained  amounts  to 
1,230  tons ;  which  represents  the  portion  restrained  from  the 
river.  In  the  accomplishment  of  this  work  there  has  been  used 
757.78  tons  of  lime  and  64.645  tons  of  alumina.  During  the 
year  a  constant  study,  with  numerous  experiments,  has  accom- 
plished very  satisfactory  gains  in  the  method  of  treatment. 
Under  the  former  process,  much  of  the  value  of  the  lime  used 
was  lost,  owing  to  the  rapidity  with  which  it  reached  the 
sewage  after  being  admitted  to  the  agitators.  By  creating  a 
more  thorough  solution  before  this  i>oint  was  reached,  and 
adding  the  lime  to  the  sewage  in  the  form  of  milk  of  lime,  has 
enabled  a  saving  of  23  i)er  cent,  in  this  chemical  alone,  and 
a  decrease  of  the  power  formerly  required,  of  nearly  30  horse 
power.  To  dispose  of  the  large  and  constant  accumulations  of 
sludge,  has  been  a  question  that  intruded  itself  into  the  foremost 
consideration.  In  the  early  spring  there  were  eleven  beds, 
covering  an  area  of  three  acres,  which  had  been  used  to  excess 
and  become  nearly  inoperative.  Exx>eriments  had  shown  that 
if  sufficient  area  was  allowed,  so  that  the  depth  of  sludge  did 
not  exceed  a  few  inches,  its  contraction  would  admit  of  rapid 
drying  to  a  state  of  removal.  With  this  object  in  view,  an 
additional  area  of  5.7  acres  has  been  added.  While  this  work 
was  in  progress,  the  accidental  discovery  was  made  that  in  it& 
dry  state  the  sludge  would  readily  burn.  It  was  due  to  this 
circumstance  that  a  small  furnace  about  six  feet  square  was 
built,  similar  to  a  self-feeding  stove :  the  burning  sludge  beneat*h 
supplying  the  heat  to  dry  the  wet  material  above.  It  was 
found  that  sludge  containing  about  50  x>er  cent,  of  water  burned 
quite  rapidly ;  while  some  containing  as  high  as  72  per  cent, 
was  burned  at  the  rate  of  2.225  tons  in  nine  hours,  and  this  by 
its  own  combustion.  The  exx)eriments  in  this  direction  have 
not  been  carried  as  far  as  desirable,  but  it  is  believed,  from 
what  has  been  learned,  that  it  promises  a  solution  of  this  most 
difficult  problem  in  our  sewage  disposal.  As  above  stated,  the 
capacity  of  the  plant  is  exceeded,  in  the  quantity  of  sewage  now 
treated.    The  velocity  created  by  this  excessive  amount,  does 
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not  allow  Buffioient  tiine  in  which  to  precipitate ;  with  a  conse- 
qnent  loss  of  the  loll  benefit  of  treatment.  The  completion 
of  the  8ei>arating  system  will  largely  increase  the  volnme  of  pre- 
cipitation from  the  concentrated  sewage.  Additional  subsiding 
tanks  will  then  be  necessary,  which,  if  anticipated,  will  in  the 
interim  permit  of  further  advantage  to  the  river  from  the  same 
treatonent  as  now  pursued.  This  matter  I  respectfully  refer  to 
your  consideration. 

In  conclusion,  I  wish  to  express  my  appreciation  of  the 
kindly  assistance  rendered  by  the  Committee,  of  the  intelligent 
supervision  of  Mr.  H.  P.  Eddy  at  the  purification  works,  to 
Mr.  John  Howell,  the  engineer  in  charge  of  construction,  for 
the  conscientious  work  performed,  and  to  the  men  of  the 
department. 

Bespectfully  submitted, 

FREDERICK  A.  McCLURB, 

Supenniendent  of  Sewers^ 


F  57  0 
ANNUAL   REPORTS    .nX;  ■  : 


COMMITTEE  ON  SEWERS, 


M  SUPERINTENDENT  OF  SEWERS, 


CITY   OF   WORCESTER. 


FOR  THE  TEAR  ENDING  NOVEMBER  30,  181I2. 


WOUCESTEU: 

PEIHTED     BY    CllAS.     ItAMILTON. 

3  11     Main     Strkkt. 

18»S. 


ANNUAL    REPORTS 


y 


07  THB 


THE  NEW  YORK 

PUBLIC  LIBRARY 
P   re' ..,.■6  1 

T1LDEN  FOUHOAT^^^/ 
1900, 


COMMITTEE  ON  SEWERS, 


AlfD     THE 


SUPERINTENDENT  OF  SE\^ERS, 


OF    THS 


CITY    OF   WORCESTER, 


FOR  THE  YEAR  ENDING  NOVEMBER  30,  1892. 


WORCESTER: 

PRINTED    BY    CHAS.     HAMILTON, 

811    Main    Stbkkt. 

1898. 


•     > 


REPORT 

OF    THB 

JOINT  STANDING  COMMITTEE  ON  SEWERS. 


To  the  HonoraMe  Oily  Council  of  the  Oity  of  Worcester  : — 

Ih  obedience  to  Seotion  7,  Chapter  40,  of  the  Laws  and  Ordi- 
nances of  said  Oity,  the  Joint  Standing  Oommittee  on  Sewers 
present  their  annual  report,  together  with  the  report  of  the 
Superintendent  of  Sewers. 

The  work  of  the  Sewer  Department  during  the  financial  year 
of  1893,  has  consisted  for  the  most  part  in  the  extension  of  what 
is  termed  ^^  lateral  sewers."  The  trunk  or  main  carriers  having 
been  previously  extended  into  the  outlying  districts,  has  per- 
mitted the  construction  of  the  smaller  branches,  thereby  afford- 
ing the  much  needed  relief  in  the  various  portions  of  our  city 
hitherto  inaccessible.  The  amount  of  the  extension  is  somewhat 
in  advance  of  the  past  two  or  three  seasons,  amounting  in  total 
length  constructed  to  4.50  miles.  The  cost,  however,  has  been 
brought  within  an  exceedingly  low  figure  for  the  different  sizes. 

The  most  difficult  work  for  the  season  was  the  reconstruction 
of  a  portion  of  the  60-inch  trunk  sewer  extending  through 
Shrewsbury  street,  a  detailed  account  of  which  will  be  found  in 
the  Superintendent's  report. 

By  an  arrangement  with  Mr.  Stephen  Salisbury,  the  Oity  came 
into  the  possession  of  the  dam  and  privilege  in  the  Millbrook 
Sewer,  known  as  the  Oourt  Mills  privilege.  This  has  always 
been  a  source  of  expense,  and  at  times  of  freshet,  one  of  solici- 
tude, and  it  is  of  value  to  the  department  that  it  may  now  be 
abolished. 

The  Maintenance  Department  has  also  performed  its  duties  in  a 
very  satisfactory  and  economical  manner,  especially  when  it  is 
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remembered  that  there  are  now  85.44  miles  of  sewers  and  1,736 
eateh-basins  to  be  constantly  attended  to. 

The  general  condition  of  the  entire  system  is  excellent  and 
satisfactorily  performs  its  sanitary  purposes. 

The  total  expense  for  the  past  year  has  been  as  follows : — 

For  Oonstrnction $51,074  68 

^<    Purification  works 27,575  24 

«'    Maintenance 14,755  57 

The  parification  plant  at  Qainsigamond  has  received  much 
attention  and  great  advance  has  been  made  towards  a  solution  of 
the  problem,  while  the  original  plant  was  able  to  deal  with  only  a 
portion  of  the  sewage  the  results  attained  seemed  to  your  Com- 
mittee to  justify  their  further  extension  with  a  view  to  treating  a 
larger  amount  of  sewage.  At  the  beginning  of  the  year  we 
were  confronted  with  the  task  of  devising  some  way  to  separate 
the  sewage  from  the  Millbrook  water,  in  order  to  reduce  the 
amount  of  treatment.  It  appearing  that  the  number  of  precipi- 
tating basins  was  insufficient  to  treat  a  larger  amount  of  sewage 
it  was  deemed  advisable  to  begin  the  work  at  this  point,  and 
accordingly  ten  additional  basins  have  been  constructed  with  a 
view  of  treating  all  of  the  dry  weather  flow.  This  it  is  hoped 
will  be  of  immediate  advantage  and  benefit  to  the  river  below  us. 

Your  Committee  is  also  pleased  to  state  that  with  increased 
length  of  sewers  constructed  during  the  season,  and  the  constant- 
ly enlarging  amount  of  work  necessary  to  the  maintenance  of 
the  system,  the  department  through  the  economical  management 
of  its  Buperintendent  and  help,  and  a  skilful  arrangement  of  the 
work,  is  able  to  present  its  accounts  at  the  dose  of  the  year 
largely  within  the  appropriations  in  each  division ;  while  so  large 
a  balance  is  shown  we  feel  that  all  the  necessary  work  has  been 
done  and  that  the  department  has  given  entire  satisfaction. 

Your  Committee  is  pleased  to  add  further  that  F.  A.  McClure, 
late  Superintendent  of  Sewers,  was  on  November  Ist  elected  City 
Engineer  and  immediately  entered  upon  and  assumed  the  duties 
of  the  office.  The  Committee  now  desire  to  express  their  appre- 
ciation of  his  able  services  and  in  the  faithful  and  efficient  dis* 
charge  of  his  duties.    The  work  accomplished  by  him  has  been 
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done  in  a  thorough  and  economical  manner  and  to  the  entire 
aatis&ction  of  the  Committee.  He  carricB  with  him,  in  his  new 
field  of  nBefnlnese  and  responsibility,  the  confidence  and  respect 
of  the  Oommittee  and  of  his  former  employ^. 

Mr.  H.  P.  Eddy,  chemist  at  the  purification  works,  was,  upon 
the  retirement  and  promotion  of  Mr.  McOlure,  elected  Superin- 
tendent of  Sewers  to  fill  the  vacancy  thus  caused,  and  at  once 
entered  upon  the  duties  of  that  responsible  position.  He  is  a 
dose  and  attentive  student  and  not  a  novice  in  the  treatment  of 
sewage  disposal,  and  the  results  already  attained  have  become 
manifest  and  are  destined  to  be  of  the  greatest  benefit  to  the  Oity 
and  the  people  south  of  us.  We  feel  assured  that  Mr.  £ddy  will 
make  an  efficient  and  active  Superintendent,  and  that  the  depart- 
ment will  continue  in  its  present  high  standard  of  efficiency. 

FRANCIS  A.  HARRINGTON, 
FRANCIS  PLUNKETT, 
A.  FRANK  GATES, 
EBEN  F.  THOMPSON, 
GEO.  S.  DIXON, 
FRANK  A.  ATHERTON, 
JOHN  J.  FLAHERTY, 

JoiTd  /$tandin^  Comm^Ute^  on  Seu^era, 


im 


REPORT 


OF  TRS 


SUPERINTENDENT   OF   SEWE-RS 


To  the  JatfU  Standing  Committee  on  Sewers : — 

OBHTuaoBN : — ^Tbe  rapid  growth  of  Worcester  is  plainly  visi- 
ble in  her  Sewer  Department ;  its  work  should  follow  that  of 
the  Water  Department  as  rapidly  as  possible,  in  ordei  to  dispose 
of  waste  and  properly  maintain  the  already  excellent  sanitary, 
condition  of  the  city;  consequently,  the  work  is  increasing  in 
quantity  and  is  of  growing  importance ;  the  rapidly  extending 
system  incurs  an  ever  increasing  expense  for  maintenance,  both 
for  cleansing  and  repairs. 

During  the  past  year  no  trunk  sewers  have  been  built,  the 
entire  attention  of  the  Department  having  been  given  to  the  con- 
struction of  lateral  sewers  in  the  districts  which  had  been  pre- 
viously provided  with  the  main  lines;  this  work  has  not  been 
expensive,  although  a  slightly  greater  length  has  been  constructed 
than  in  recent  years. 

The  districts  now  demanding  immediate  attention  are  New 
Worcester  and  Quinsigamond.  At  New  Worcester,  the  trunk 
sewer  should  be  extended  from  its  terminus  in  Cambridge  street 
across  the  square  to  the  corner  of  Mill  and  Leicester  streets, 
thus  furnishing  an  outlet  for  the  sewage  of  the  large  district 
lying  south  and  west  of  Webster  square.  The  Quinsigamond 
district  requires  two  sewers, — one  for  surface  water  which  should 
•empty  directly  into  the  Blackstone  river,  and  the  other  a  surface 
sewer  which  should  take  the  connections  along  Millbury  and 
Gh'eenwood  streets  and  Outfall  avenue.  The  sewer  for  surface 
water  would  receive  no  sewage  and  would  take  simply  storm  and 
subsoil  water,  which,  if  allowed  to  run  into  the  Outfall  sewer, 
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woald  tend  to  farther  complicate  the  problem  of  sewage  parifl- 
cation.  Of  these  districts  I  would  respectfully  request  your 
consideration. 

One  of  the  most  difficult  features  of  the  work  of  the  depart- 
ment during  the  past  season  was  the  reconstruction  of  a  portion 
of  die  Shrewsbury  street  sewer ;  this  was  built  during  the  year  of 
1884.  In  crossing  that  part  of  the  locality  known  as  the  Mead- 
ows, the  foundation,  being  rather  unstable,  has  been  affected  by 
the  raising  of  the  street  at  different  periods ;  the  result  has  been 
to  depress  the  sewer  below  its  original  grade,  and  by  the  lateral 
action  of  the  fill  to  deprive  it  of  proper  side  support.  This 
caused  several  breaks  longitudinally  and  permitted  its  original 
circular  form  to  assume  an  oval  one,  increasing  the  diameter  at 
the  springing  line  eighteen  inches  or  more,  with  a  corresponding 
depression  at  the  crown.  Its  dangerous  condition  was  detected 
some  time  ago,  and  it  has  been  necessary  to  support  its  arch  for 
a  distance  of  several  hundred  feet  with  heavy  timbers  in  close 
order.  These  timbers  required  frequent  renewals,  and,  aside 
from  this  expense,  a  total  collapse  has  long  been  feared.  By 
order  of  the  Oity  Government,  the  work  of  reconstruction  was 
begun  in  July.  There  being  very  little  rain  during  the  progress 
of  the  work,  the  amount  of  sewage  to  handle  was  at  no  time 
large,  and  was  easily  provided  for  by  a  six-inch  steam  pump. 
As  the  sewer  was  stripped  of  the  overlying  material  and  the  arch 
removed,  the  invert  was  found  in  fairly  good  conditioUi  and, 
with  its  concrete  foundation,  was  not  disturbed.  The  old  invert 
was  thoroughly  cleansed  and  washed  and  the  new  work  built 
within  it ;  at  the  springing  line,  to  prevent  distortion,  five-eighths 
inch  iron  rods  were  inserted  every  eight  feet,  passing  through 
the  walls,  and  headed  with  cross  bars  of  fiat  iron  some  eighteen 
inches  in  length.  The  arch  was  then  constructed,  and  the 
material  constituting  the  old  arch  was  utilized  in  building  a 
spandrel  which  extended  down  to  the  projecting  part  of  the  old 
concrete. 

During  the  past  year  682  permits  for  making  house  connec- 
tions have  been  issued.  At  the  present  time  the  system  includes 
85.44  miles  of  sewers,  with  8,388  manholes  and  1,725  catch- 
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banns ;  thus  during  the  past  year  the  fjrttaoi  has  inereased  to 
the  extent  of  4 JM>  miles  of  sewers,  880  naBholes^  and  58  cateh- 
basins,  as  will  be  seen  by  the  following  taUe,  showing  the  aixa, 
length,  cost,  and  location  of  all  the  sewers  bnilt  by  the  depart- 
ment during  the  year. 


Tablk  o9  Sbwbss  OoHmuvormD  Dubing  Wisamciajs  Tsab  of  1892. 


Sogeworth, 
North  Byron, 
CsUiiiig, 


t* 


Location. 


Edgeworth  8t«  to  Hemaiu  st. 
Dryden  tt.  k>  l^ffoamey  tL 
Prescott  Bt.  to  Nashua  st. 
Creseeat  st.  to  linoofai  st. 


<« 


<« 


•i 


OrsenliBe, 

Perkhis, 

PabWy 

Pafaie, 

MelTlIle, 
Lincohi, 
Shattuck, 
lineolD, 


Heardsleigh, 
Catharine, 

Eastern  are. 

Kendall, 

Channlng, 

Hooper, 

Merrtfield, 

Gaice, 

Berkeley, 

Adams, 

Wilson, 

Marshall, 

Henry, 

Wall, 

Grafton  st.  ct. 

Woodside, 
Perry  ave. 

Whipple, 

Carlstad, 
Ekmans, 
Sherman, 
Camp, 

Camp  St.  ct. 
Armory, 


Grand, 
Grand  si.  et. 
Tainter  st.  ct. 
Jaqnes  and 

Webster, 
Woodbine, 

Haaon, 
«< 

Wtalleld, 
TafU,aad 
Abbott, 
Chandler, 
Abbott, 


Lincoln  st.  to  Windsor  st. 

Crescent  st.  to  Paine  st. 

Perkins  st.  to  Cashing  st. 

Harlow  st.  to  MelvUle  st. 

Paine  st.  easterly, 
Norton  st.  to  Shattaek  st. 
Lincoln  st.  easterlj. 
Perkins  st.  to  Cusntng  si» 

Summer  st.  to  Fountain  st. 
Hermitage  brook  to  Bodney  st. 

Catharine  st.  to  E.  Kendall  st. 
Hermitage  br'k  to  Channing  st. 
Kendall  st.  to  Catharine  st. 
Catharine  st.  to  Kendall  st. 
Belmont  st.  southerly, 
£.  Shelby  st.  to  Elliott  st. 

Gage  St.  to  Eastern  are. 
Shrewsbury  st.  northerly, 
Marshall  st.  eastMy  and  west'ly, 
Wilson  St.  to  Fobes  st. 
E. Worcester  to  Shrewsbury  st. 
Branch  st.  southerly, 
Grafton  st.  southerly, 
Ehctended  to  Providence  st. 

Perry  aye.  to  Temon  st. 
Seymore  st.  to  Stone  st. 

Millbury  st.  to  Steele  st. 

Whipple  St.  southerly, 
Greenwood  st.  westerly, 
Kansas  st.  to  Pitt  st. 
Cambridge  st.  southerly, 

Camp  St.  easterly. 
Grand  st.  easterly, 


Carson  st.  to  Grand  st.  ct. 
Grand  st.  westerly, 
Tainter  st.  westerly, 
Biyer  to  Boston    A    Albany 
bridge  for  Highway  Dept. 
Maywood  st.  to  Oliyer  st. 
Hawthorn  st.  westerly. 
Extended  to  Tufts  st. 
Parker  st.  southerly, 

Parlwr  st.  to  Chandler  st. 


C^Men, 
Kirewi 


flbnry, 


Park  aye.  to  Abbott  st. 
Chandler  st.  to  Pleasant  st. 
King  St.  easterly, 
Beconstructed, 


Stzk. 

Lekgth. 

Man- 

Cost. 

(Inches.) 

(Feet.) 

HOLBS 

12" 

602.7 

4 

•686  26 

12" 

676  8 

6 

724  26 

12" 

806.6 

6 

488  82 

20"  x»" 

872.7 

3) 

18" 
16" 

681.7 
687.0 

6 

* 

8,690  26 

12" 

240.2 

•7. 

18" 

186.0 

2 

410  61 

16" 

288.2 

2 

16"  oyal 

527.0 

• 

1,648  94 

12" 

204.2 

7. 

■ 

15" 

889.6 

12" 

647.6 

11 

2,206  72 

12" 

124.0 

2. 

24"  X  86" 
12" 

80.2 
684.0 

1 
5 

1,214  57 

18" 

264.6) 
276.2 

6. 

16"  oyal 

1,781  86 

12" 

281.6 

8 

12" 

864.2 

4 

404  16 

16" 
12" 

1820^1 
614.8 

6 

1,864  77 

12" 

841.2 

4 

1,112  29 

12" 
12" 

200.9 
680.6 

21 
5 

794  46 

12" 

421  J» 

4 

767  98 

16" 

298.8 

2 

404  60 

12" 
10" 

208.41 
800.0 

4 

567  07 

12" 

181.8 

8 

871  80 

20"  X  80" 

269.1 

8 

601  07 

12" 

727.9 

7 

985  80 

16" 

288.1 

2 

827  16 

12" 

858.2 

4 

847  87 

12" 

87.6 

1 

136  16 

12" 

820.7 

8 

457  51 

16" 
12" 

66.6) 
288.9; 

5 

655  59 

12" 

778.0 

6 

1,706  88 

16" 

12" 

642.4) 
166.0 

6 

818  06 

10" 

8" 

806.0 
1«521.8 

14 

1,527  88 

8" 

617.8 

5 

462  88 

8" 

163.7 

2 

850  00 

10" 

218.7 

8 

208  30 

16"  oyal 

447.6) 

412.4  r 

199.1 

>! 

12" 
10" 

1,699  25 

18" 

871.9) 

} 

16"  oyal 

166.8 

6 

895  87 

12" 

116.6  j 

16"  oyal 
12" 

196.7 
817.7 

1} 

818  88 

10" 

118.8 

2 

206  68 

16" 

944.0 

7 

1,458  00 

12" 

487.0 

4 

572  87 

12" 

97.6 

1 

159  14 

12" 

371.1 

8 

800  74 

16" 
12" 

805.1) 

106.8 

8 

579  90 

18" 

177.8 

12" 

376J^ 
524.0 

9 

809  68 

9" 

15"  oyal 
12" 

562.0 
472.9 

l\ 

1,214  71 

12" 

121 J^ 

1 

198  09 

00"  round 

617.0 

4 

6,192  94 

10  BEFOBT  OF  SUFERDrrENDEHT  OF  SBWBBS. 

The  work  of  maintaining  the  sewer  system  has  not  been  ezoes- 
siye  daring  the  season  because  of  the  absence  of  heavy  rains 
which  wash  the  road  detritas  into  the  catch-basins.  This  is  an 
item  of  great  importance,  as  the  material  which  £nds  its  way  into 
the  basins  has  to  be  removed  in  a  very  wet  state  in  pails ;  it  then 
has  to  be  carted  to  the  dumping  grounds  in  small  loads  because 
of  its  fluidity  and  weight.  During  the  past  season  4,918  loads 
have  been  removed  in  the  above  manner.  This  obviously  incurs 
a  great  expense  which  would  be  considerably  decreased  if  the 
material  were  disposed  of  before  finding  its  way  into  the  basins. 

An  unusually  large  number  of  repairs  have  been  made  during 
the  year,  which,  of  course,  is  a  matter  to  be  anticipated  as  the 
system  increases  in  extent.  This  season  ISO  basins  and  289 
manholes  have  been  repaired  in  some  way. 

Yery  valuable  additions  to  the  working  outfit  of  the  depart- 
ment have  been  made  in  the  form  of  machinery ;  circular  and 
band  saws  have  been  placed  in  the  carpenter  shop,  as  has  also  a 
wood-turning  lathe.  Perhaps  the  most  important  acquisition  is 
that  of  a  Carson  excavator,  the  woodwork  of  which  was  made  by 
the  department,  the  iron  fittings  and  the  buckets  alone  being 
purchased  of  the  Carson  Company.  The  value  of  this  machine 
to  the  department  can  hardly  be  overstated,  it  having  largely 
paid  for  itself  in  the  reconstruction  of  the  Shrewsbury  street 
sewer,  which,  only  with  great  difiiculty,  could  have  been  accom- 
plished without  the  machine. 

In  the  early  part  of  May,  in  accordance  with  an  order  passed 
by  the  City  Government,  work  was  begun  on  the  new  settling 
basins  at  the  Purification  Plant  in  Quiusigamond.  The  construc- 
tion of  this  addition  to  the  original  plant  has  rapidly  progressed 
during  the  summer  and  fall.  The  masonry  is  practically  com- 
plete ;  the  gates  and  emptying  arrangements,  and  considerable 
machinery  yet  remain  to  be  added.  This,  it  is  hoped,  will  be 
accomplished  during  the  winter  and  spring,  so  that  the  entire 
plant  may  be  ready  for  operation  in  the  early  summer. 

The  work  done  at  the  Purification  Plant  daring  the  year  has 
been  very  largely  experimental.  The  regular  treatment  of  sewage 
has  been  interrupted  by  the  experiments  carried  out  at  the  works, 
by  the  construction  of  the  additional  basins,  and  also  by  being 
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very  freqoentlj  obliged  to  Ant  down  for  five  or  six  hoars  while 
eonneetioDB  were  h^ii^  ouuie  with  the  oat&il  aew«r.  Thie  intep- 
raption,  by  makrng  hoooe  conneedoofiy  will  be  a  greet  annoyanee 
when  all  the  aewage  »  bem^  treated^  and  lihonld  be  remedied  by 
the  oonstmctioD  of  a  8or£aee  aewer,  which  shonld  enter  the  ant- 
faU  near  its  OMMith ;  sneh  a  plan  wonld,  if  carried  ont,  greatly 
rednee  the  eod  of  honae  eonneetioae  alon|^  the  line^  as  the  main 
sewer  is  18  feel  to  95  &et  deep. 

Doring  the  winter  a  large  namber  of  analyaea  of  lime  were 
made,  resulting  in  the  aeleetion  of  a  grade  better  adapted  to 
sewage  treatment,  and  which,  taking  into  aeeoont  the  qnality, 
has  proTed  to  be  about  twenty  per  eent»  cheaper  than  that 
formerly  used. 

One  of  the  meet  difficnlt  problems  connected  with  the  paritici^ 
tion  of  sewage  by  chemical  precipitation,  not  only  in  this  city  bnt 
in  nearly  every  instance  in  which  the  method  has  been  tried  on 
a  large  scale,  haa  been  the  oltimate  disposal  of  the  aladge.  To 
this  branch  of  the  work  considerable  attention  haa  been  paid. 
From  the  first,  efforts  have  been  made  to  have  the  farmers  try 
the  slodge  as  a  fertilizer,  bat  the  prejudice  against  it  was  so  great 
that  notil  last  spring  no  one  eoald  be  foand  who  would  try  it. 
At  that  time  seTeral  enterprising  farmers  made  a  trial  of  the 
material ;  no  little  sorpriae  was  experienced  when  it  was  foand 
that  the  experiments  were  saccessfoL  Crops  of  Hungarian 
grass,  com,  oats,  potatoes,  and  tomatoes  grew  Inxnriantly ;  a 
gravelly  knoll  on  which  slndge  had  been  spread  produced  nearly 
three  tons  Hnngariao  per  acre.  The  crops  raised  on  sludge  were 
so  sneeeasfal  that  no  trouble  has  been  experienced  in  disposing 
of  the  aeenmnlation  thus  far.  Thus  one  of  the  most  vexing 
problems  connected  with  the  disposal  of  the  sewage  has  been 
eoonomieally  settled,  for  the  present  at  least. 

Bespectfally  submitted. 

HARRISON  P.  EDDY, 

Sup^ntetident  of  Sewers. 

WoBOvrxB,  November  30,  1892. 
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To  the  Honorable  City  Council  of  the  City  of  Worcester: — 

In  compliance  with  Section  21,  Chapter  34  of  the  City  Ordi- 
nances, the  following  report  of  the  work  and  condition  of  the 
Bewer  Department  for  the  fiscal  year  of  1895  is  prepared. 

Bespectfally  sabmitted, 

Habbison  p.  Eddt, 

Superintendent  of  Setcers. 

Office  of  the  Seweb  Dbpabtment,  \ 

December  1,  1895.         J 
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President  of  the  Board  of  Aldermen : 

BuFus  B.  Dodge,  Jr.,  Chainnan. 
Alderman  Daniel  A.  HABBiHGTONy 

Cooncilman  Oeobge  S.  Hatch, 
Conncilman  John  J.  Flahesty^ 

Goancilman  Datid  Botden. 


REPORT  OF  THE  SUPERINTENDENT  OF 

SEWERS. 


CJONBTRUOnON. 


This  branch  of  the  work  of  the  department  has  been  an- 
Qsnally  qniet  dnring  the  past  year,  and  the  sewers  which  have 
been  constmcted  have  been  small,  and  in  most  cases  have  pre- 
sented no  very  complicated  or  difficalt  problems.  As  for  sev- 
eral  years  past,  the  work  has  not  been  confined  to  the  centre 
and  more  thickly  populated  portions  of  the  city,  but  has 
reached  ont  into  the  surrounding  territory,  where  real  estate  is 
being  develoi)ed,  and  where  the  sewers  are  needed  to  accommo- 
date newly  built  houses.  With  extensions  in  this  direction  the 
divisions  of  the  system  become  more  marked,  the  small  sewers 
for  house  sewage  alone  becoming  more  numerous,  and  the  de- 
mand for  sewers  for  the  removal  of  storm  water  becoming  im- 
perative. 

As  between  the  accommodation  of  a  community  with  house 
sewers  and  surface  sewers,  the  former  is  by  all  means  the  more 
imi>ortant,  and  should,  in  t)ie  great  majority  of  cases,  take 
precedence  over  the  latter,  yet  it  would  seem  to  be  unwise  to 
neglect  the  disposal  of  surface  water.  In  a  city  abounding  in 
hills — and  Worcester  is  surely  well  supplied  with  this  kind  of 
territory — the  streets  cannot  be  properly  maintained  without 
great  expense  unless  the  water  resulting  from  storms,  melting 
snow,  and  more  particularly  from  showers,  is  removed  from 
the  gutters  at  frequent  intervals.  To  effect  this  the  department 
has  always  placed  catch-basins  wherever  deemed  expedient, 
and  a  special  effort  should  be  made  in  this  direction  next  year. 

The  total  resources  of  the  department  during  the  year  have 
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amounted  to  9130,298.56,  a  detailed  aocoant  of  which  may  be 
foand  in  the  table  below.  The  transfer  of  the  revenue  derived 
from  sewer  assessments  and  liquor  licenses  so  late  in  the  season 
accounts  in  part  for  the  balances  in  the  construction  and  purifi- 
cation accounts: 

SUMMAEY  OF  FINANCIAL  RESOURCES  FOB  1895. 


Maihtbhakcb. 

Construction. 

Purification. 

Balance  Dec.  1, 1894, 

#684  87 

•11,846  91 

f  1,184  72 

Appropriation, 

17,000  00 

30,000  00 

32,000  00 

Liquor  Money, 

5,000  00 

8,000  00 

Assessments, 

2.927  97 

17.927  98 

Revenue, 

1,185  67 

2,478  26 

162  18 

Total, 

18,770  54 

52,253  14 

69,274  88 

Total  expended. 

18,703  84 

50,265  77 

46,847  46 

Balance  December  1, 1895, 

66  70 

1,987  37 

12,427  42 

The  extension  of  the  surface  sewer  in  Main  street  from  Web- 
ster square  to  Marble  street  has  enabled  the  department  to  con- 
struct eight  catch-basins,  which  will  be  sufficient  to  properly 
care  for  all  the  water  reaching  this  portion  of  Main  street,  and 
will  undoubtedly  prevent  the  recurrence  of  those  floods  at  the 
square  which  have  for  so  many  years  been  a  source  of  great 
annoyance. 

Surface  sewers  are  greatly  needed  at  the  present  time  in 
Pleasant  street  west  of  Newton  square,  in  Vernon  and  adjacent 
streets,  and  at  Quinsigamond  Village  south  of  the  watering 
trough.  Work  upon  the  former  has  been  begun,  but  a  further 
extension  is  much  needed. 

The  separate  system  has  been  pushed  out  Webster  street  as 
far  as  Hope  cemetery,  thus  affording  relief  to  a  comparatively 
large  population  living  in  that  vicinity.  As  the  sewer  at  Web- 
ster square  was  too  high  to  be  extended  under  the  river  at  the 
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proper  grade,  a  twenty-foar-incb  roand  inverted  syphon  was 
constructed,  similar  in  every  respect  to  those  bnilt  last  year  in 
Bonthbridge  street  and  Leicester  street,  now  Main  street. 

Work  was  begun  in  the  early  part  of  the  summer  ux>on  the 
sewer  for  the  relief  of  the  Bloomingdale  district,  and  is  still  in 
progress,  although  the  portion  already  ordered  is  nearly  com- 
pleted. This  sewer  connects  with  the  sewer  in  Putnam  lane, 
and  runs  through  private  land  owned  by  Messrs.  O.  F.  Swift  & 
Co.,  James  Draper  and  Jerome  G.  Field.  It  follows  the  foot  of 
the  hill  until  it  reaches  a  point  about  in  the  middle  of  the 
prox)erty  owned  by  Mr.  Field,  where  it  turns  up  toward  Planta- 
tion street.  In  this  way  no  great  depth  of  ledge  will  be  en- 
countered, and  the  construction  will  cost  much  less  than  if  the 
location  was  confined  to  streets  now  existing.  The  soil  of  this 
section  of  the  city  consists  almost  entirely  of  clay  or  hard-pan 
resting  upon  ledge.  The  natural  drainage  is  very  poor,  and  a 
system  of  sewers  will  be  greatly  appreciated  by  the  residents. 

A  sewer  has  been  constructed  through  land  formerly  known 
as  Nashua  street,  but  now  owned  by  the  Boston  &  Maine  Bail- 
road  Company  and  the  Worcester,  Nashua  &  Rochester  Rail- 
road Company,  under  the  tracks  of  these  companies,  thus 
afiording  an  outlet  into  the  Crescent  street  sewer  for  Messenger 
hill.  This  sewer  was  also  much  needed,  as  the  soil  is  mostly  of 
a  hard  and  compact  nature,  the  drainage  being  very  poor. 

A  special  effort  has  been  made  by  this  department  during  the 
year  to  leave  the  streets  in  which  sewers  have  been  constructed 
in  as  good  condition  as  possible.  Care  has  been  taken  to  leave 
as  little  superfluous  material  over  ditches  as  would  ensure  no 
lack  of  filling  for  future  settlement.  It  is  intended  to  go  over 
every  street  in  which  a  sewer  has  been  constructed  during  the 
season,  as  often  as  once  every  month,  raking  off  loose  stones 
and  leveling  and  filling  as  required.  Near  the  close  of  the 
year  this  circuit  was  made  and  the  work  done  with  greater  care 
than  previously.  This  will  be  repeated  when  the  frost  is  out  of 
the  ground  in  the  spring.  In  this  way  it  is  hoped  to  keep  the 
streets  in  as  good  condition  as  possible,  and  it  is  the  intention 
of  the  department  to  maintain  this  rigid  inspection,  believing 
that  it  is  unjust  to  the  Highway  Department  to  leave  the  streets 
in  any  other  condition  than  the  best  which  it  is  practicable  to 
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obtain.  It  is  a  fact  that  material  filled  into  a  ditch  in  the 
ordinary  way  will  settle  somewhat,  and  consequently  an  excess 
of  filling  is  piled  nx>on  the  street  oyer  the  sewer.  This  excess 
is  rednced  as  low  as  possible,  depending  nx>on  the  kind  of 
material,  and  if  fonnd  to  be  too  high,  after  allowing  a  suitable 
length  of  time  for  settlement,  is  removed.  Experiments  are 
under  way  in  the  laboratory  to  determine  the  amount  of  settle- 
ment of  different  materials.  This  test  will  be  supplemented  by 
tests  upon  the  streets  next  year,  and  it  is  hoped  to  gain  inform- 
ation which  may  proye  of  value  in  the  future. 

A  table  of  the  stock  used,  together  with  the  prices  paid  for 
the  same,  is  herewith  presented,  as  is  also  a  brief  schedule  of 
the  property  owned  by  the  department,  and  a  table  of  the  sew- 
ers constructed  in  the  fiscal  year  of  1895,  with  statistics,  which 
may  be  of  interest.  The  table  of  stock  includes  that  used  in 
the  purification  and  maintenance  departments  as  well  as  in  con- 
struction : 

Materials  Used  by  the  Sewer  Department  ik  1895. 


Pbics  Paid. 

Afpkoxxmatb  AMouim  XJtMn. 

Matkriax^ 

f!nifVAACTOH_ 

1 
1804 

$1.25 

1 

1806. 

111.25 

1804. 

1806. 

Sand, 

AmoB  M.  Eaton, 

925  Ca.  Yards 

454.5  Co.  yards 

Cement, 

Frank  £.  Powers, 

.98 

1.04 

3,267  barrels 

1,994  barrels 

Pipe, 

James  Draper, 

— 

— 

20,000  feet 

18,439.7  feet 

Brick, 

Damon  Brick  Co., 

6.50 

6.35 

750,000 

493,000 

Lime, 

Frank  E.  Powers, 

6.50 

5.75 

2,100  tons 

3,243  tons 

Schedule  of  Property. 

Personal  property,  $17,477  34 
Hammond  street,  1700  feet  of  land,  425  00 
Disposal  works,  land,  9,300  00 
Baildings  and  machinery,  East  Worces- 
ter street,  2,790  00 
Baildings     and     machinery,    disposal 

works,  8,425  00 


938,417  34 


/ 
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The  total  length  of  sewem  ooiiAtmct#^  daring  the  Tear  is  bnt 
3.S7  miles,  of  whidi  .92  of  a  mile  is  trunk  sewer.  The  pro- 
portion of  sewers  bnilt  in  the  separate  sviitem  to  the  total  length 
constraded  is  35.18^,  or  slightly  OTer  one-third.  The  sewers 
bnilt  required  the  constmction  of  168  man-holes  and  65  catch- 
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basiBB.  The  system  now  ooBtainB  99.29  miles  of  sewers,  3,725 
man-holes,  1,855  catch-basins.  The  total  nomber  of  permits 
issaed  to  contractors  daring  the  year  to  make  house  connections 
is  382,  of  which  one  has  not  been  nsed  and  six  were  for  repairs 
of  drains  already  constracted. 

The  bnildings  and  tools  of  the  department  are  all  in  good  con- 
dition. A  ten-horse  i)Ower  electric  motor,  ^'  Lnndell,''  has  been 
pat  into  the  shop,  and  is  a  very  iralaable  acquisition.  The  water 
motor  was  scarcely  able  to  do  the  work  and  was  considerably 
more  expensive  at  the  price  charged  for  city  water.  No  other 
machinery  has  been  added  during  the  year,  largely  becaase  of 
lack  of  room  at  the  shop  to  accommodate  it. 

An  apright  drill  is  much  needed  and  ought  to  be  purchased 
very  soon.  The  horses  owned  by  the  department  are  kept  in  a 
shed  poorly  adapted  to  the  purpose,  which  is  hired  at  a  price 
which  would  pay  interest  on  the  cost  of  a  well-equipped,  com- 
modious stable  which  would  accommodate  several  more  horses 
than  now  owned  by  the  department. 

Maintenance. 

The  many  heavy  rains  of  the  past  season  have  necessitated 
the  frequent  cleaning  of  sewers  and  catch-basins,  esi>ecially  the 
latter.  The  sewer  system  now  contains,  as  stated  under  another 
heading,  1,855  basins,  and  ux>on  even  a  superficial  consideration 
of  the  matter,  it  will  be  evident  that  with  the  streets  as  at  present 
maintained,  every  rain  of  any  considerable  magnitude  will  fill 
many  of  these  basins,  and  when  the  rains  follow  one  another  in 
rapid  succession,  it  is  very  apparent  that  great  expense  is  in- 
curred by  keeping  this  part  of  the  system  in  good  working  con- 
dition. 

Over  7,000  loads  of  detritus  from  the  streets  have  been  shoveled 
out  of  the  basins  through  24"  by  28"  holes  (except  in  cases 
where  the  mud  was  so  soft  that  it  had  to  be  removed  in  buckets), 
then  shoveled  into  carts  and  hauled  to  the  prescribed  dumps. 
Many  of  the  loads  are  very  wet,  and  consequently  if  hauled  in  an 
ordinary  tip-cart,  the  body  of  the  cart  can  only  be  filled  about 
three-quarters  full.  To  reduce  the  expense  of  hauling  as  much 
as  possible,  a  new  patent  steel  cart  was  purchased  in  the  spring. 
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This  ha8  proved  a  valuable  Investment,  as  with  it  nearly  twice 
as  mnch  of  the  soft  material  can  be  hanled  in  one  load  as  with 
the  ordinary  tip*cart.  The  department  now  owns  two  of  these 
carts,  and  while  they  cost  an  exorbitant  price,  they  do  pay  a 
handsome  interest  on  the  money  invested. 

Daring  the  year  7,542  loads  of  refuse  have  been  removed  from 
the  basins.  This  is  1,223  loads  in  excess  of  the  output  for  1894. 
In  spite  of  the  difficulties  attending  this  work,  such  as  bailing 
water,  handling  twice,  small  loads  and  long  hauls,  the  cost  has 
amounted  to  but  seventy  cents  per  cubic  yard.  This  includes 
removing  snow  from  the  inlets  to  basins,  and  freeing  basins 
stopped  by  ice  or  other  obstacles. 

Flushing  and  scraping  have  been  continued  during  the  year, 
the  latter  having  been  necessitated  largely  by  a  considerable 
amount  of  street  detritus  which  passed  the  basins  during  storms. 

William  Donnelly,  a  foreman  who  had  charge  of  this  branch 
of  the  work  for  a  number  of  years,  and  who  had  been  connected 
with  work  on  the  sewers  of  the  city  for  more  than  twenty-five 
years,  died  during  the  latter  part  of  the  summer.  Mr.  Donnelly 
had  been  connected  with  this  part  of  the  city  work  for  so  many 
years  that  his  presence  will  be  fiiuch  missed. 

Separation  of  Noeth  Pond  Watee  Feom  the  Sewage. 

It  is  encouraging  to  note  that  this  problem,  which  has  con- 
fronted the  department  for  so  many  years,  and  which  has  been 
touched  upon  in  so  many  reports,  has  finally  assumed  definite 
form.  A  problem  of  such  magnitude  cannot  be  successfully 
solved  without  much  study  and  a  thorough  canvass  of  the  many 
difficulties  and  obstacles  which  might  be  overlooked  in  a  super- 
ficial examination,  but  which  readily  appear  upon  a  detailed 
investigation.  It  is  hoped  that  construction  may  follow  close 
upon  the  rei>ort  of  the  city  engineer,  and  that  it  will  be  prosecuted 
to  an  early  completion. 

PUBIFICATION. 

With  the  close  of  the  year  1895,  the  sewage  purification  plant 
at  Quinsigamond  completes  its  fifth  year  of  operation.  The 
work  begun  in  1890  without  previous  experience,  experimenta- 
tion, or  even  an  example  of  a  well  managed  and  efficient  plant 
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of  this  kind,  either  upon  this  side  of  the  Atlantic  or  the  other, 
has  been  oontinaed  op  to  the  present  time ;  and  daring  this  time 
the  amount  of  sewage  treated  has  increased  from  about  three 
million  gallons  to  something  over  fifteen  and  one-half  million 
gallons  daily.  As  cited  in  previous  reports,  the  plant  has  been 
enlarged,  both  in  resi>ect  to  machinery  and  the  number  of  settling 
basins,  the  latter  having  been  increased  to  about  three  times 
their  original  capacity. 

The  first  aim  daring  this  year,  as  in  previous  years,  has  been 
to  maintain  the  highest  efficiency  possible.  The  second  in  im- 
portance has  been  to  do  the  maximum  amount  of  work  with  the 
least  money. 

To  attain  whatever  success  has  been  attained,  a  careful,  con- 
stant study  has  been  made,  both  in  the  laboratories  and  upon  a 
larger  scale  with  the  plant  itself,  of  the  many  and  various  prob- 
lems as  they  have  presented  themselves. 

Treatment  of  Sewage. 

The  treatment  of  the  sewage  has  been  rendered  more  difficult 
than  in  former  years  by  the  increased  volume  received,  and  the 
copperas  and  vitriol  contained  in  it.  These  chemicals,  which 
are  discharged  promiscuously  throughout  the  city  by  foundries, 
wire  working  establishments  and  other  manufactories,  require 
large  amounts  of  lime  to  neutralize  them,  and  they  must  be  neu- 
tralized before  sedimentation  can  be  effected  to  a  satisfactory 
degree.  The  velocity  created  J^y  so  large  a  flow  of  sewage 
through  the  settling  basins  hinders  precipitation,  and  every 
effort  must  be  made  to  counteract  this  effect  so  far  as  possible. 
To  these  causes  is  due  the  use  of  a  considerable  portion  of  the 
3,000  tons  of  quicklime  put  into  the  sewage  during  the  year. 

The  volume  of  sewage  treated  has  averaged  about  15.7  million 
gallons  per  day  during  the  year.  For  the  treatment  of  this 
amount  of  sewage,  about  3,000  tons  of  lime  have  been  used, 
amounting  to  1,030  pounds  per  million  gallons,  or  about  7.21 
grains  i>er  IJ.  S.  gallon. 

From  the  sewage  there  have  been  removed  in  form  of  wet 
sludge  66,440,333  gallons,  equivalent  to  1.16%  of  the  flow.  The 
sludge  as  pumped  contained  7,972  tons  of  dry  solids. 
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As  a  result  of  the  treatment,  about  51.45%  of  the  organic 
matter  contained  in  the  sewage  has  been  removed,  and  the  water 
has  been  turned  into  the  river  practically  as  clear  and  sparkling 
as  it  was  when  rippling  along  the  brooks  of  Leicester  or  Holden^ 
before  its  entrance  into  the  pipes  which  supply  the  city  with 
pure  water.  In  addition  to  this  appearance^  it  is  a  fact  that 
this  effluent  water  has  attained  a  degree  of  purity  which  ensures 
no  further  putrefaction;  it  will  not  become  offensive  to  the 
sense  of  smell. 

In  this  connection  it  may  be  of  interest  to  compare  the 
efficiency  of  the  treatment  from  year  to  year  as  indicated  by  the 
daily  analyses  of  sewage  and  effluent.  From  table  YI  we  see 
that  there  has  been  a  steady  increase  in  the  per  cent,  of  organic 
matter,  as  indicated  by  the  test  for  albuminoid  ammonia,  removed 
from  the  sewage.  This  increased  efficiency  is  also  apparent  from 
the  determination  of  oxygen  consumed.  It  will  also  be  noticed 
that  in  spite  of  the  frequent  rains  and  continued  high  water,  the 
per  cent,  of  suspended  organic  matter  removed  from  the  sewage 
is  even  greater  than  last  year. 

TABLE  VI. 
Feb  Cent.  Obqanic  Matteb  Removed  fbom  Sewage. 


DlSCRIPTIOM. 

1898. 

18M. 

my 

Total  amouot  (by  evaporation), 

50.88 

49.35 

Amount  in  suspengion  (by  evaporation) , 

90.67 

94.45 

Total  amoant  (by  albuminoid  ammonia), 

48.49 

50.79 

51.63 

Amouot  in  susponsion  (by  albuminoid  ammonia), 

76.67 

89.54 

91.11 

Total  amount  (by  oxygen  consumed), 

33.65 

43.84 

54.35 

Amount  in  suspension  (by  oxygen  consumed). 

80.85 

81.08 

78.01 

Hate :  Although  the  determination  of  oxygen  consumed  has  been  made 
throughout  the  year,  it  is  not  considered  as  reliable  as  the  determinations 
of  albuminoid  ammonia,  because  of  large  amounts  of  iron  present  in  the 
sewage,  and  also  because  the  determination  itself  is  by  no  means  as  satisfac- 
tory as  that  for  albuminoid  ammonia. 

From  Table  vn  it  will  be  observed  that  in  the  winter  and 
spring,  seven  months,  there  was  an  improvement  over  the  cor- 
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responding  seafions  of  th«  ycAf  previons,  bat  that  in  the  sammer 
and  autumn  there  was  a  slight  decline.  This  decline  was  due 
to  the  large  flow  of  sewage,  or,  more  proiMsrly,  the  large  dilu- 
tion, and  it  was  only  with  the  greatest  care  that  the  drop  was 
confined  to  so  smaD  a  per  cent.  If  the  figures  of  Table  Ym 
are  examined  and  compared,  it  will  be  seen  Uiat  the  decline  is 
confined  to  the  months  of  October  and  Noyember,  while  those 
previous  are  substantially  as  high  as  1894.  It  will  be  remem- 
bered that  a  very  heavy  rainfall  occurred  on  October  12,  13 
and  14,  when  the  gauge  at  the  precipitation  works  recorded 
7.72  inches.  The  total  raintell  for  October  was  9.57  inches, 
and  for  November  6.39  indies,  both  of  which  are  extremely 
high.  This  is  simply  another  illustration  of  the  necessity 
of  a  separation  of  as  mndi  as  possible  of  the  water  finding 
its  way  into  the  sewers,  yet  not  sewage  proper. 

TABLE  Vn. 
Per  Cent.  Oroakic  Mattbb  Rbmovbd  fbom  Sbwaob  bt  Sbasons. 


DwH^B  fvit  aa 

DacToJuL. 

JULT  TO  DbC. 

18M. 

1806. 

49.69 
91.73 
46.92 
82.95 

1898. 

50.88 
90.67 
48.49 
76.67 
33.66 
80.85 

1891. 

55.02 
95.76 
53.78 
94.36 
50.23 
92.42 

t8M. 

Total  amount  (by  eraporatloD), 
AmouDt  in  Botpeoalon  (by  evapontloQ), 
Total  amoant  (by  albaminold  ammonia), 
Amooiit  in  Buspeneioii  (by  albominoid  ammonia) 
Total  amount  (by  oxygen  consamed), 
Amount  in  8U8penflion'(by  oxygen  consumed), 

42.76 
93.06 
46.63 
83.26 
37.11 
89.27 

52.93 
90.75 
61.08 
7291 

The  monthly  averages  of  the  eomposition  of  the  sewage  and 
efSaent,  together  with  the  per  cent,  of  the  organic  matter  re- 
moved, can  be  studied  in  detail  from  Table  Yin.  The  diagram 
lettered  A  will  be  of  assistance  in  such  an  examination.  It  is 
interesting  as  well  as  important  to  notice  that  the  work  done 
compares  directly  with  the  flow  of  sewage;  that  is,  with  a 
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given  plant  and  Bewage  and  a  nearly  aniform  treatment,  the 
per  cent,  of  organic  matter  removed  by  chemical  precipitation 
will  vary,  approximately,  with  the  volume. 

Another  way  of  stating  the  proposition  wonld  be  as  follows  : 
Where  a  sewage  receives  dilation,  bat  is  itself  constant  in  vol- 
ume and  composition,  the  per  cent,  of  organic  matter  removed 
by  chemical  precipitation  will  be  approximately  proportional 
to  the  amount  of  dilating  water,  true  within  reasonable  limits. 


TABLE  Vm. 
Monthly  Atemagvr  of  Analybbb  of  Sewage  and  Effluent. 

{Parts  per  100,000. ) 


DATE  or  COLLSCnON. 


Effloeat, 

rvta 


mnowd. ... 
PcT  orac  mnoved 


Eflhwot, 


,IW6. 1.1M 

*•  laoi 


I 


1.400 

12M 

.108 

T.n 


PiHta  rsmoiTed 


.186 
16.68 


fl«wAg«,  FebnutfT.  1886 1378 

EfflneBt,  "  •*    1.168 

PMtfl  reuiofcd 

Per  orat.  TOmoTed 1 16.96 

Mwcb,1806 1     .781 

.844 
007 
U91 


EfflaeDt 


^Mts  remored 

Per  cent,  ramoved . 


Sawagip,  April,  1886 

Efflumt.       ••       ••    

Parts  removed 

Fsr  cent,  remo'ved. 


.780 


I 


fl^wttf^,  Bf*7,1886 

Efflnent,    **        ••    

parts  rsnioTed 

Per  cent.  rexnoTed , 


flewace,  Jane,  1806 

Ellliieat.     "        *    

Parts  removed 

Per  cent,  removed . 


Sewaice,  July,  1806 

Effioear,     "  

Parts  removed 

Per  cent,  removed 


0ewaffe,  August,  1806 

Effluent.        "       **    

Parts  removed  — 
Per  cent,  removed 


Sewaipp,  September,  1806.  . 
Effluent.        "  "    . 

Parts  removed 

Per  cent,  removed . 

Sewage,  October,  1806 

Effluent,  *'       •'    

Parts  removed 

Per  cent,  removed 


Sewage,  November,  1806. 

Effluent.  *•  "    . 

Parts  removed 

Pff  cent  removed 


Sewage  for  year  ending  December  1, 1906. 
Effluent     **  ••  "  *♦    •♦    . 

Parts  removed 

Per  cent,  removed 


ion 
U.70 

1218 

i.on 

.147 
13  07 

1^6 
L22S 
.123 
0.14 

1.432 
121U 


U61 

1.240 
lUMO 
.171 
10.66 

1.600 
1.270 
.230 
16.83 

1.186 
.008 
.107 
16.00 

.600 
.664 
.026 
4.41 


1160 
1.008 
.161 
18  02 


S 


I 


.4n 

.260 
4&0S 
.016 


.310 
61 8T 


.182 

.in 

48.44 

.332 
.186 
.147 
4428 


818 
62.73 

.mn 

JOl 
.316 
52  06 

.804 
.272 


54  06 

576 
.272 
303 
53  00 

.718 
300 
.418 
58  32 

487 
.246 
.241 
40.40 

.306 

.in 

.135 
44  12 


.618 
.262 
.2666 
61.63 


A? 

a- 


278 
240 


.373  , 
.277  I 
60.88      13  68 


.264 


026 
984 

310 

.274 


1181 

.178 

.160 

000 

606 

ITS 
.172 

001 
.58 

.268 
.266 
-000 
-3.98 


.261 
.001 
0.38 

.286 


.046 
1614 

.207 
.246 
.022 
8.24 

.333 
.280 
.063 
15.92 

.222 
.200 
.013 
6.86 

.166 
.154 
.012 
7.23 


.240 
.228 
.021 
8.48 


CoHsmsD. 


(B  0 


U5        it 


9i 

a 


'      J3 


•I- 


.272 


5.38 
3.08 
2.36 


87.94 

48.86 

217 

&28 

.021 

2.86 

.196 

2.38 

90  33 

46.61 

1 

806      6.60 
.022  I    XU 
2.40 


93.79    :  44.46 


316 

2.88 

0.33 

10.44 

3.21 

2.65 

0.56 

17.45 

a46 

2.91 

0.55 

15.90 


6.30 


.176 
.013 
102 
92.58 

.169 
.013 
.146 

80.74 

.347 


.337 
94.23 

.346 
.080 
.316 
91.31 

.319 
.033 


89.66 


.027 
.281 
91.28 

.386 
.020 
.365 
9479 

.266 
.087 


86.04 

.140 
.017 
.123 
87.86 


.270 
.024 
.246 
9L11 


*.78  2.20 

1.89  1.77 

1-87  0.43 

40.73  '  19.54 

3.70'    2.23 

1.98      LSI 

1.72      0.42 

48.48  '  18.83 

6.60  ,    3.16 

2.68  ;    2.48 

2.91  I    0.68 

60.27    2L52 


0.01 
0.1« 

6.3i 
6.» 
O.IO 
1.6T 

7.27 
7.2T 
0.0S 
0.09 

4L38 
4.3T 

-OS 

4.33 

4.30 
0.03 
0.4A 

630 
6.34 
003 
0.31 


6.04      2.70  6.61 

3.42      2.20  6.66 

3.62  ;    0.50  '  -.06 

60.94  I  18.52  -4).78 


7.10  I    3.25 

2.57  2.44 

4.58  0  81 
43.80  j  2192 

*.«8      3.28 

2.18  '    2.18 

3.78  '    1.10 

6&48'  33.54 

6.23      3.28 

2.35      125 

3.98      1.03 

68.72  I  31.39 


5.00 
8.13 

2.87 


2.88 
2.02 
0.86 


57.40    29.86 


8.60 

1.75 

1.84 

51.26 


2.11 
1.67  j 
0.44  I 
20.85  ! 


5.27 

2.40 

2.S6 

54.35 


2.01 

2.27 

0.64 

21.99 


6.90 
6.7S 
0.17 
2.48 

6St 
6.26 
0.24 
3.68 

7.09 
677 
O.St 
4.«1 

5.80 

5.83 

-.03 

-0.34 

3.87 
3.90 

-.03 
-0.77 

698 
5.92 
0.043 
1.05 


.  ^^  .'Month  1 V  Kvtnifft  an  jiMOf  from  daily  aiuOjica  of  wwmge  and  efflnent  Th«  daily  Mvaice  Mmplea  con- 
f  itt  of  frirty-eight  portion*  Uken  half  hourly.  Sewage  lamplea  are  taken  ■■  xMuiy  ■■  pMbte  in  proportion  to 
thr  amount  of  lewage  being  receiTcd  at  the  time  of  laropling.  Effluent  MmBJef  eottfitt  of  twvtAj4oxu  portiona 
taken  hourly.  ' 

/foie.'    Det^rrnlnatloni  have  been  omitted  thii  year  on  accouot  of  the  large  amoont  of  eopperai  and  «u*p>  urie 
acid  in  the  lewage. 
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Condition  of  Blackstone  River. 

The  regular  weekly  examinatioDs  of  the  Blackstone  river 
have  been  continued  as  in  previous  years.  It  is  encouraging  to 
note  that  the  condition  of  the  river,  chemically  considered,  is 
better  than  Id  previous  years,  as  seen  from  Tables  XI  and  XII, 
and  also  from  Table  XIII,  compiled  from  the  records  of  the 
State  Board  of  Health.  This  latter  table  shows  an  improve- 
ment of  more  than  35  per  cent,  over  1894,  and  shows  that  there 
is  less  decomposable  organic  matter  in  the  river,  according  to 
the  most  reliable  test — albuminoid  ammonia — than  there  has 
been  in  any  year  since  the  board  began  its  periodic  investiga- 
tions, viz.,  1887. 

The  precipitation  plant  was  started  in  1890,  and  the  river  has 
been  during  the  past  year,  according  to  the  figures  of  the  same 
board,  39.81  per  cent,  better  than  in  that  year.  .  But,  as  that 
plant  was  in  operation  but  one-half  of  1890.  it  would  be  nearer 
correct  to  compare  1891  with  1895.  This  comparison  shows 
that  an  improvement  of  40.45  per  cent,  has  been  made.  These 
records  may  be  found  in  the  State  Board  of  Health  report  for 
1894,  second  table  on  page  375.  The  figures  for  1895  can  be 
obtained  from  the  board  upon  request.  This  table  includes  the 
six  months  from  June  to  November  inclusive,  and  is  one  of  the 
most  important,  as  it  is  during  this  period  that  the  river  would 
be  liable  to  evolve  offensive  odors.  Similar  facts  may,  however, 
be  observed  from  the  table  directly  opposite,  on  page  374,  which 
includes  the  entire  year. 

The  facts  learned  from  these  records  would  seem  to  be  of 
more  value,  because  not  seriously  affected  by  the  high  water  of 
October  and  November,  for  the  improvement  noted  for  the 
months  June  to  October  is  over  32  per  cent.  These  figures  are 
especially  interesting  when  considered  as  coming  from  a  dis- 
interested party,  or  at  least  a  party  not  the  least  interested  in 
behalf  of  Worcester. 

Before  closing  it  is  the  desire  of  the  superintendent  to  ex- 
press to  the  committee  his  appreciation  for  the  many  courtesies 
received  at  its  hands,  and  for  the  lively  interest  in  the  work 
in  which  the  department  has   been  engaged,   which   has  been 

manifested  by  its  individual  members  throughout  the  year.    Jt 
2 


1.^  ^T-praUNTfelN UESnr  of  5)EWEBS. 

:$•  alAo  ;¥  plesumm  to  allade  to  tbe  fsutlifiil  mBner  Iil  wiiick  Mr. 
M^ittheiw  Gamlr*  the  enfpaeer,  and  3Cr.  Jaliiu  W.  Bog^bee^  the 
f^hemiiM:,  <*onn«rCed  with  the  tiespuKtmmat  hanre  pofiirfliBd  their 
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TABLE  XII. 

Relative  Condition  of  the  Blackstone  Rives  from  1898  to  1805 

Inclusive. 


location. 


Wabhburm  ft  Monr's  pond. 

December  to  July 

July  to  December 

ATeraice  for  year 

BLACKSTOIII  RITKB,  BRIDOr. 

December  to  July 

July  to  December 

ATerage  for  year 

Blacxstonb  bivbr,  swamp. 

December  to  July 

July  to  December 

Average  for  year 

Mobsb'b  pond. 

December  to  July 

July  to  December 

ATerage  for  year 

Alobioh's  pond. 

December  to  July 

July  to  December 

Average  for  year 


.059 
.047 


.095 
.108 


.377 
.282 


.211 
.176 


.172 
.]3« 


I 


.023 
.054 
.037 

.047 
.002 
.058 

.120 
.178 
.160 

.108 
.167 
.129 

.101 
.161 
.122 


i 


.082 
.050 
.080 

.050 
.066 
.062 

.100 
.130 
.122 

.003 
.167 
.120 

.082 
.152 
.112 


CO 

8 
»s 

«r 

a 

I 

I 
a 


£ 


-3.84 
21.28 


27.06 
48.66 


52.79 
46.81 


25.00 
26.20 


12.21 
0.63 


I 

O, 

S 


a 

5 


§ 


a 
« 

S 

i 

a 


-30.13 

7.41 

-5.41 

-6.88 
9.68 
1.89 

16.50 
21.01 
18.67 

13.89 
0.00  25.60 
6.08  31.43 


S.86 
17.02 


34.11 
49.61 


63.13 
56.74 


18.81 

-0.66 

8.20 


11.68 
17.04 


i 


I§ 

is 

a 
« 

1 

o 
H 


I 


1.21 
1.03 


1.40 
1.51 


2.41 
2.12 


l.:i7 
I.4S 


1.18 
1.00 


.74 
.87 
.79 

.95 
.05 

.05 

1.21 
1.60 
1.86 

1.17 
1.41 
1.27 

1.12 
1.27 
1.18 


.78 

1.14 

.90 

.06 
1.05 
1.00 

1.80 
1.24 
1.27 

1.15 
1.24 
1.19 

.95 
1.08 
1.01 


i 


a 
» 

S 

SJ 

8 

a 

6 


a 

s 


28.10 
28.80 


32.14 
87.09 


33.61 
85.85 


-S.02 
11.10 


-7.68 
-8.26 


a 

8 
I 

s 

a 
B 


a 

5 

k 

£ 


s 


« 

s 

> 

E 

s 


u 


1.36  - 
-SLOB  6.78 
-18.08    116S 


-1.0ft 

-10.62 

-6.26 

-7.44 

22.60 

6.«2 


26.00 

88.n 


48.54 
40.09 


\.n      - 

12.05*     9.47 
6L29    1&78 


16.18 
14.06 
14.41 


8.47 
7.34 
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TABLE  XIU. 


Condition  of  BLACKjarroNB  Rivbb  Bblow  Sewage  Purification 
Works.    From  State  Board  of  Health. 

(Parts  per  lOOyOOO.) 


MONTH& 


Jaiir>N<»vpiiib«r,  18S7. 
1888. 


tt 


1880. 
1890. 
1801. 
1802. 
1803. 
1804. 
1806. 


a* 

8 


0.01 
0.78 
0.86 
0.07 
1.05 
0.63 
0.51 
0.40 
7.05 


RSHDUBOK 
BVAP^BA'H. 


I 


11.96 
2S.86 
26.80 
30.00 
20.80 
2115 


81 

21 


8.10 
6.80 
7.76 
7.13 
6.86 
6.18 


AMMONIA. 


Albumuioio. 


& 


.2686 

.9668 


.2907 


.1741 
.1112 
.1430 
.1492 


.6367  '  .1606 
.6240  .1810 


.6680 
.6189 
32.46 


.1468 
13  90 
.0608 


il 


^1 


.0667  I  .0666 


.0772 
.0722 


.0668 

.ono 


.C883  !  .0686 


.0068 


.0662 


.0000  .0663 


.1113 
.0607 


.0277 
.0301 


1.86 
1.60 
1.83 
1.46 
2.61 
3.13 
2.76 
2.63 
1.616 


NlTM>OIC]t 

As- 


.0160 
.0882 
.0177 
.0270 
.0233 
.0137 
.0286 
.0212 
.0266 


5 
9* 


.0041 
.0026 
.0018 
.OMO 
.0060 
.0126 
.0071 
.0063 


I 


ao 

6.3 
10.3 
10.0 
10.6 

7.-3 


Note:    This  table  ia  taken  from  Mimmrhmetu  Htate  Board  of  Health  records  by  permta- 
lion. 
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To  ike  Honorable  City  Council  of  the  City  of  Worcester: 

In  compliance  with  Section  21,  Chapter  34  of  the  City  Ordi- 
nances,  the  following  report  of  the  work  and  condition  of  the 
Sewer  Department  for  the  fiscal  year  of  1896  is  prepared. 

Bespectfnlly  submitted, 

Harrison  P.  Eddy, 

Superintendent  of  Sewers, 


Office  of  the  Seweb  Department, 

December  1,  1896. 
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REPORT  OF  THE  SUPERINTENDENT  OF 

SEWERS. 


Construction. 


The  department  has  been  able  to  keep  up  with  the  petitions 
dnring  the  year  and  the  number  of  requests  for  sewers  now 
on  file  is  not  excessive.  It  would  materially  assist  in  the 
arrangement  of  the  work  if  petitions  were  filed  early  in  the 
year  instead  of  being  scattered  along  through  the  summer  or 
coming  in  during  the  latter  part  of  the  fall.  There  are  often 
unfavorable  conditions  which  materially  affect  the  quality  and 
expense  of  construction,  which,  in  many  cases,  can  be  overcome 
if  anticipated  early  enough.  Streams  may  be  crossed  and 
work  done  in  wet  localities  during  the  summer  months  at 
much  less  expense  than  in  the  early  spring  or  during  freezing 
W'  ather,  while  there  are  other  localities  in  which  work  could 
be 'done  as  well  during  the  latter  seasons. 

Surface  water  sewers  are  needed  in  several  districts  already 
provided  with  domestic  sewers,  and  should  be  built  as  soon 
as  the  necessary  funds  are  available. 

The  separate  system  has  received  considerable  attention, 
and  those  sections  of  the  city  which  are  to  be  sewered  on  the 
combined  plans  have  already  been  so  well  provided  for  that  in^ 
the  future  comparatively  little  work  will  have  to  be  done  in 
them.  Kearly  all  the  districts  not  yet  reached  by  trunk  sewers 
can  discharge  surface  water  into  streams  near  at  hand. 

In  the  report  for  1895  it  was  stated  that  especial  attention 
had  been  given  to  the  refilling  of  trenches  and  that  experi- 
ments were  in  progress  to  determine,  upon  both  a  laboratory 
and  a  practical  scale,  the  differences  in  various  methods  and  ma- 
terials used  in  back  filling.    These  experiments  have  been  com- 
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pleted  and  the  results  are  now  being  tabulated.  They  cover 
a  variety  of  conditions  and  will  give  definite  information  npon 
the  questions  which  in  the  past  have  been  answered  by  con- 
jecture only.    This  work  will  be  completed  early  next  year. 

During  the  year  the  department  has  received  (221,819.43, 
of  which  1128,135.84  have  been  expended.  A  large  portion  of 
the  money  appropriated  for  construction  at  the  purification 
works  will  not  be  used  until  next  year. 

The  following  table  will  show  the  receipts  and  expenses  of 
the  various  branches  of  the  work  for  the  year: 

Table  I. 

SUMMARY  OF  FINANCIAL  RESOURCES  FOR  1896. 


Maintenance.    Construction.    Purification. 

Order  of  18Q6l 

Balance  Dec.  1. 1896, 

$66  70 
17,000  00 

2,370  22 

$1,987  37 
30,000  00 
22,129  28 

$12,427  42 
30,000  00 



Appropriation, 
ABsemmentB, 

$100,000.00 

Revenue, 

3,602  47 

2,316  97* 

19  00 

Totol, 
Total  expended. 

$19,436  92 
18,295  60 

$1,141  32 

$67,619  12 
42,076  91 

$44,744  39 
43,264  23t 

$100,019  00 
24,499  10 

Balance  Dec.  1, 1896, 

$16,642  21 

$1,480  16 

$76,619  90 

*  Received  12,103.70  from  Law  Department  for  legal  expenses. 

t  A  large  portion  of  this  amount  has  been  expended  on  construction. 

In  the  construction  of  a  number  of  sewers  rock  has  been 
encountered  and  the  work  of  this  kind  has  been  in  progress  dur- 
ing the  entire  season.  Thesteam  drill  has  been  in  use  almost  con- 
stantly on  this  work,  and  has  assisted  in  keeping  the  cost  of 
rock  excavation  at  a  low  figure,  another  instance  of  the  ad- 
visability of  owning  labor  saving  machinery  and  having  it 
ready  for  use  without  notice. 

The  trunk  sewer  to  Bloomingdale  has  been  completed  at 
much  less  expense  than  was  anticipated.  Bock  was  encoun- 
tered from  the  start  to  the  finish  and  much  of  the  way  the 
grade  required  heavy  cutting.  The  sewer  built  in  Park  avenue 
siiid  JiOV(»lI  Htroel,  from  Beaver  brook  to  Englewood  avenue, 
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provides  for  a  large  territory,upon  which  a  considerable  number 
of  houses  are  now  erected.  This  sewer  was  much  needed  and 
will  greatly  improve  the  district. 

A  table  of  stock  used,  together  with  the  prices  paid  for  the 
same,  is  herewith  presented,  as  is  also  a  brief  schedule  of  the 
property  owned  by  the  department,  and  a  table  of  the  sewers 
constructed  in  the  fiscal  year  of  1896,  with  statistics  which 
may  be  of  interest.  The  table  of  stock  includes  that  used 
in  the  purification  and  maintenance  departments  as  well  as  in 
construction. 


Table  II. 


MATERIALS  USED  BY  THE  SEWER  DEPARTMENT  IN  1896. 


M&t^rtal 

Ck>ntractor. 

Prick  Paid.i 

1 

Approximate  amounts  Uskd. 

ilUk  IfC  1  IMJl* 

18»6.    1896.' 

1 

1896. 

1896. 

Sand 

Cement 

Pipe 

Brick 

lime 

William  J.  Lee, 
Smith-Green  Co., 
James  Draper, 
Norris  C.  Gault, 

Smith-Green  Co., 

1 

81.25 
1.04 

1 

$i.oo' 

1 

.99 

1 

1 

454.5  cu.  yd. 
1,994     bbla. 
18,439.7  ft. 
493,000 
3.243     tons 

492.5  cu.  yd. 
2,978     bbls. 
19.266.5  ft. 

6.35 

6.76 

1 

I 

7.25: 

5.50' 

637,500 
3,530     tons 

Schedule  of  Property. 

Personal  property,  |25,417  52 
Hammond  street,  1,700  feet  of  land,  425  00 
Disposal  works,  land,  9,300  00 
Buildings  and  machinery,  East  Worces- 
ter street,  2,765  00 
Buildings  and  machinery,  disposal 
works,  8,055  00 


145,962  52 
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TABLE   ni. 
Sewers  Constructed  During  the  Financial  Year  of  1896, 


Street. 


lioostion. 


X 

5*^ 

S2 

Si 

S 

OB 

1-4 

3fe 

s 

6 

10 

279.0 

2 

$E5eOB 

12 

296.5 

2 

316  31 

12 

aoo.o 

2 

347  54 

\   20x30 
(   24x30 

316.4  i 
111.0  ( 

4 

2.031  m 

20x30 

084.2 

4 

5,856  33 

J         8 
<       15 

337.0 « 
185.3  ( 

3 

618  13 

8 

873.0 

7 

1.734  95 

8 

410.2 

2 

263  18 

8 

524.1 

3 

1.564  56 

8 

219.8 

2 

405  86 

8 

737.5 

3 

860  33 

(    10x24 
(  24  round 

1566.0 ) 
278.0  f 

15 

2.879  13 

12 

102.8 

2 

247  01 

j       18 
i    10x24 

109.9  ( 
171.5  f 

2 

973  73 

12 

53.7 

1 

•••      •••«• 

S       12 

400.3 » 

3 

1.934  06 

>         8 

518.8  f 

3 

8 

464.9 

4 

348  64 

S      8 

{   I5rouad 

49.9) 

1540.7  y 

19 

3.994  49 

/    15  oval 

962.0  t 

\        8 
(       15 

768.0  t 
28.8  ( 

7 

990  00 

8 

6S4.0 

3 

B25  41 

8 

470.5 

2 

321  23 

8 

170.0 

1 

16S60 

)         8 
♦       10 

416.9  ) 
31  .Of 

4 

777  81 

)         8 
I       12 

272.91 
427.6  f 

6 

723  96 

28x42 

158.0 

1 

836  83 

20x30 

357.6 

3 

1,867  03 

10 

606.2 

3 

631  96 

i         8 

223.3 i 

\       12 

31.9  y 

6 

2,487  15 

1       15 

701.6) 

8 

229.4 

2 

161  97 

i        8 
>       12 

188.5  f 
89.2  f 

3 

266  92 

S        8 
♦       10 

121.7  J 

202.5  f 

3 

277  89 

8 

449.7 

2 

8S8.ei 

Bam»rd  road, 
Dixon  avenue. 
Sturglfi. 

Putnam  lane. 

Putnam  lane. 

Plantation, 

Bondeau  court  and 

Shale, 
Hamilton. 
Providence, 
Arllnirton, 
Fairbanks, 

MThipple, 

Southbrldt?e 

(surface), 
Crompton   and  pri- 
vate land 

(surface), 
Brussels   (surface), 
West  Fremont. 
New  York, 
Arbor  Vit«e, 

Park     avenue    and 
Lovell, 

Ferdinand, 

Columbus, 

Oliver, 

Freeland, 

Claremont  square, 
Lagrange. 

Pleasant  (surface), 

Newton  avenue, 
Midland. 

Highland, 

Buffalo, 
Mount  Hope, 

Hampden, 
Berkhhire, 


Bumcoat  westerly. 
Terminus  southerly, 
Windsor  to  Uxbridge, 

Through  private  land. 

Through  private  land. 
From  new  street  to  B.  &  A.  R.R. 
bridge, 

From  Wall  to  north  end  of  Shale, 

From  terminus  easterly. 
Union  avenue  southerly. 
Union  avenue  southerly, 
Ames  northerly, 

MiUbury  westerly. 
Crompton  to  Riverside, 

Blackstone  river  to  Brussels, 

Crompton  westerly, 
Webster  to  New  York. 
W.  Fremont  to  Hope  cemetery. 
Main  northerly. 

Terminus  in   Park    avenue    to 
Englewood  avenue, 

Englewood    avenue    to    Circuit 

avenue  east. 
Liovell  to  Circuit  avenue  east. 
Birch  southerly. 
Terminus  southerly. 

Main  northerly, 

Jackson  to  Beacon, 

Beaver  brook  through  Newton 

square, 
Pleasant  to  Midland. 
Newton  avenue  westerly, 

Terminus  to  Buffalo. 

Highland  northerly, 
Westland  westerly, 

Fruit  easterly, 
Hampden  northerly. 


The  buildings  at  the  purification  works  and  at  the  yard  on 
East  Worcester  street  are  in  good  condition,  but  are  poorly 
adapted  to  the  uses  for  which  they  are  intended.  All  the  tools 
and  machinery  are  in  proper  condition.  The  steam  shovel  re- 
cently purchased  is  doing  excellent  work  and  will  doubtless 
prove  to  be  a  wise  investment.    This,  with  the  railroad  plant 
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already  owned  by  the  department,  will  ensure  good  work  at  a 
minimum  of  expense. 

As  stated  in  the  last  report,  a  stable  is  much  needed  and  this 
makes  the  necessity  for  increased  yard  room  more  apparent. 
Both  should  receive  the  early  attention  of  the  committee. 


Maintenance. 

The  continually  increasing  number  of  catch-basins  requires 
a  proportionate  amount  of  cleaning.  Each  year  a  greater 
amount  of  refuse  is  removed  and  hauled  longer  and  longer 
distances.  This  year  8,098  loads  have  been  disposed  of,  an  in- 
crease of  556  over  the  output  for  1895.  In  spite  of  the  diffi- 
culties attending  this  work,  such  as  bailing  water,  handling 
twice,  small  loads  and  long  hauls,  the  cost  has  amounted  to 
but  61  cents  per  cubic  yard,  or  9  cents  less  than  the  cost  per 
yard  last  year.  This  includes  the  cost  of  removing  snow  from 
the  inlets  to  basins,  and  freeing  basins  stopped  by  ice  or  other 
obstacles.  As  has  been  stated  in  reports  for  years  from  this 
department,  hundreds  of  dollars  are  spent  in  this  way  which 
could  be  saved  by  an  adequate  system  of  street  maintenance. 

The  100  miles  of  sewers  require  constant  attention  to  pre- 
vent accumulation  of  deposits.  The  sewers  large  enough  for 
men  to  work  in  are  cleaned  by  shoveling  the  mud  into  boats 
or  into  pails.  These  are  taken  to  the  nearest  man-hole,  drawn 
up  in  buckets  and  hauled  to  the  dumps.  Those  sewers  which 
are  too  small  to  be  cleaned  in  this  way  are  scraped  or  flushed. 
The  sewers  which  receive  sewage  only  are  flushed  at  fre- 
quent intervals  from  the  hydrants  in  the  streets  to  prevent 
stoppage  and  to  keep  them  as  clean  as  possible.  A  few  auto- 
matic flush  tanks  have  been  put  in,  but  these  appliances  have 
not  been  generally  adopted. 

Repairs  are  constantly  being  made  and  the  sewer  system  is 
at  the  present  time  in  very  good  condition.  The  Shrewsbury 
street  sewer,  although  somewhat  cracked,  is  thoroughly  braced 
and  has  caused  no  trouble  during  the  year.  In  the  winter  an  ex- 
amination will  be  made,  and  if  there  appears  to  have  been  much 
settlement  it  will  probably  be  advisable  to  reconstruct  a  short 

portion  of  this  sewer  next  season. 
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ing  that  a  sludge  pressing  plant  be  erected.  Immediately  npon 
the  receipt  of  this  order  steps  were  taken  for  carrying  out  its 
instructions,  with  the  intention  of  having  the  presses  running 
early  in  the  fall.  There  was,  however,  some  doubt  as  to  the 
capability  of  the  filter  presses  then  on  the  market  to  press 
in  a  reasonable  time  the  sludge  produced  here  without  the 
addition  of  considerable  quantities  of  lime.'  As  this  would 
lead  to  large  expense  it  was  deemed  advisable  to  get  a  stan- 
dard press  and  to  experiment  with  it  to  find  out  if  it  would 
do  the  work  without  lime,  and  if  not,  how  much  would  have  to 
be  added. 

These  experiments  have  been  completed  and  the  press  re- 
turned to  the  G.  H.  Bushnell  Press  Company,  through  whose 
courtesy  it  was  obtained.  Without  going  into  the  detail  of 
the  experiments  it  may  be  stated  that  certain  modifications 
will  be  made  in  the  construction  of  the  presses  which  will 
ensure  satisfactory  pressing  without  the  use  of  lime. 

Filter  presses  consist  of  a  number  of  thin  iron  plates  prop- 
erly supported  on  horizontal  guides.  These  plates  are  dished 
on  each  side  and  are  provided  with  drainage  grooves,  usually 
concentric,  which  deliver  the  filtered  liquid  to  vertical  grooves 
communicating  with  drip  cocks  on  the  outside  of  the  press. 
Cloths  cut  to  fit  are  placed  on  each  side  of  each  plate;  the 
plates  are  then  pushed  together  by  means  of  a  screw  or  hy- 
draulic power.  The  joints  are  made  water  tight  by  the  pressure 
of  the  ram.  Each  plate  has  a  hole  from  four  to  six  inches  in 
diameter  in  the  center,  as  have  the  cloths.  The  wet  sludge 
is  pumped  into  the  press  through  one  end,  filling  the  spaces 
between  the  cloths,  the  water  passing  out  by  way  of  the  drips. 
The  solids  are  retained  on  the  cloths,  and  when  the  press  is  full 
there  is  a  thin  cake  of  dry  sludge  between  each  pair  of  plates. 
Sludge  dried  in  this  way  usually  contains  from  50  to  60  per 
cent,  water.  As  considerable  time  was  consumed  in  perform- 
ing experiments  and  as  a  report  was  expected  very  soon  from 
the -experts  who  are  studying  the  separating  problem,  it  was 
deemed  advisable  to  delay  further  construction  on  the  pressing 
plant  until  their  report  was  presented,  as  plans  presented  by 
them  might  possibly  affect  in  some  way  this  branch  of  the 
work. 
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PUEIFIOATION. 

The  methods  of  treatment  of  the  sewage  have  remained  the 
same  as  last  year  and  an  increased  efficiency  has  resulted, 
53.92  per  cent,  of  the  organic  matter  having  been  removed. 
This  is  the  highest  percentage  removed  in  any  year  since 
the  plant  was  started.  About  3,500  tons  of  lime  have  been 
used.  The  amount  of  sewage  treated  has  averaged  about 
sixteen  million  gallons  per  day.  The  average  amount  of  lime 
used  per  million  gallons  has  been  1,212  pounds  or  8.5  grains 
per  U.  S.  gallon. 

From  the  sewage  64,605,470  gallons  of  sludge  or  1.1  per 
cent,  of  the  flow  have  been  removed.  The  sludge  as  pumped 
was  97.39  per  cent,  water  and  contained  7,025  tons  of  solids. 
Farmers  have  hauled  about  5,500  two-horse  loads  of  sludge 
containing  about  75  per  cent,  water  during  the  last  twelve 
months.  That  there  is  some  value  to  this  material  as  a  fertil- 
izer is  evident  from  the  fact  that  the  same  farmers  have  used 
it  several  years  in  succession. 

The  comparative  results  of  the  treatment  can  be  seen  in 
Table  IV.  According  to  these  averages  of  daily  analyses  the 
efficiency  has  steadily  increased  during  the  last  four  years, 
that  being  the  time  during  which  systematic  chemical  analyses 
have  been  made.  In  spite  of  the  increased  volume  of  sewage 
treated,  the  per  cent,  of  suspended  organic  matter  removed 
from  the  sewage  is  greater  than  last  year. 

Table  V  shows  the  results  of  treatment  in  the  wet  and  dry 
seasons  and  gives  some  idea  of  the  effect  of  surface  water,  al- 
though the  comparatively  constant  outflow  of  water  from 
North  pond  makes  the  difference  less  noticeable  than  it  would 
otherwise  be.  It  will  be  noticed  that  the  average  efficiency  for 
the  five  months  ending  November  30  was  higher  by  3  per  cent, 
than  has  been  obtained  before.  For  a  sewage  so  dilute  this  re- 
sult, 56.1  per  cent,  albuminoid  ammonia  removed,  is  very  high, 
especially  as  it  covers  so  long  a  period  of  time.  It  is  easy  to 
secure  even  60  per  cent,  or  65  per  cent,  efficiency  for  a  day,  a 
week  or  even  a  month,  but  it  is  very  difficult  to  get  much  over 
61  per  cent,  or  52  per  cent,  removed  during  a  series  of  months. 
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The  per  cent,  of  suspended  matter  removed,  although  1  per 
cent,  less  than  in  1894,  is  high,  considering  the  flow. 

The  monthly  averages  of  the  composition  of  the  sewage  and 
effluent,  together  with  the  per  cent,  of  the  organic  matter  re- 
moved, can  be  studied  in  detail  from  Table  VI.  The  diagram 
lettered  A  will  be  of  assistance  in  such  an  examination.  It  is 
interesting  as  well  as  important  to  notice  that  the  efficiency 
compares  indirectly  with  the  flow  of  the  sewage;  that  is,  with 
a  given  plant  and  sewage  and  a  nearly  uniform  treatment,  the 
per  cent,  of  organic  matter  removed  by  chemical  precipitation 
will  vary,  approximately,  with  the  volume. 

TABLE  IV. 
Per  Cent  Organic  Matter  Remcyved  from  Sewage, 


DXSCBIPXION. 


1898. 


1894. 


1896. 


1896. 


Total  amount  (by  evaporation), 
Amount  in  suspension  (by  eTaporatioa), 
Total  amount  (by  albuminoid  ammonia), 
Amount  in  suspension  (by  albuminoid  ammonia), 
Total  amount  (by  oxygen  consumed). 
Amount  in  suspension  (by  oxygen  consumed). 


50.88 
90.07 
48.49 
7«.67 
33.65 
80.85 


49.35 
94.45 
50.79 
89.54 
43.84 
81.08 


51.08 
91.11 
54.35 
78.01 


53.92 
92.02 
51.62 
90.28 


Note. —Although  the  determination  of  oxygen  consumed  has  been  made  throughout 
the  year,  it  is  not  considered  as  reliable  as  the  determinations  of  albuminoid  ammonia, 
because  of  large  amounts  of  iron  present  in  the  sewage,  and  also  because  the  determina- 
tion itself  is  by  no  means  as  satisfactorj  as  that  for  albuminoid  ammonia. 


TABLE  V. 
Per  Cent.  Organic  Matter  Removed  from  Sewage  by  Seasons, 


Dec.  to  July. 

JULY  TO  DEC. 

DESCRIPTION . 

i 

.    1 

s 

i 

1 

1 

i 

Total  amount  (by  evaporation) . 

42.76 
93.08 
46.63 
83.26 
37.11 
89.27 

1 

50.88 
90.67 
48.40 
76.67 
33.65 
80.85 

55.02 
95.76 
53.78 
94.36 
50.23 
92.42 

Amount  in  suspension  (by  evaporation), 
Total  amount  (by  albuminoid  ammonia), 
Amount  in  suspension  (by  albuminoid  ammonia), 
Total  amount  (by  oxygen  consumed), 
Amount  in  suspension  (by  oxygen  consumed). 

49.69 
91.73 
46.92 

82.96 

52.00 
91.45 
50.78 

52.93 
90.75 
61.08 
72.91 

56.10 
93.85 
53.16 

TABLE  VI. 
Monthly  Averagm  of  Analif9e»  of  Sewage  and  Elfiusni, 


fPartAperio».ooai 


AMMONIA. 


COBBUMXD. 


DATE  OF  COLLECTION. 


AIAUMZBOHX. 


s 


3 


■js 


iii 


39 


V 


S^cwiMre,  December.  IMR  . . 

Efflaent.  "      .. 

Partfi  removed  — 
Per  cent,  removed 


Sewaipe,  January,  1800  ... . 
Effluent.       ••  •*..., 

Piikrtft  removed    ... 

Per  cent,  removed 


.545' 

.048- 

.060 
(IDS 


18S 
.145 
44.21 

.306 

.158 
.148 
48.37 


.100 1      .188 

.183  I    .aso 

-.4M8I      .H» 
-1.88      88.10 


Sewajpe,  Pebniary,  1808  . . 
Effluent,       "  ••      .. 

Partu  removed  . . . . 

Per  cent,  removed 


.«7»        .300  > 
.iMM  '      .158' 
.OSW  I      .142. 
4.14      47.33 


Seirft«?e.  March.  1808  

Effluent  "      

Part«  removed 

Per  cent,  removed 


.470 
.^•»4 
^.038 
7.88 


Sewaire,  April,  1806 i    i.OOO 

Effluent.     *•        *'    808 

Part«  removed    104 

Percent,  removed 10.40 


Se^raire.  May.  1806 1.804 


.233, 
.1191 
.114 
48.98 

.400  I 
.19f» 
.214 
5S.3S 


.148  1 
.148- 

.0001 

oaoo 

.146: 

.143' 
.008 

2.06 

.113 
.102 
.011 
9.73 


.158 
.010 
.148 
06.flT 

.154 
.015 
.130 
90.00 

.120 
.017 
.103 

85.  tK 


3.45  ;    1.^1 

1.50  I    1.50 

1.96  I      .31 

56158  1  17.13 

3.62  2.06 

1.87  I  1.87 

1.96  .38 

na87  I  1&&I 


.X4r 

3.40 
-.08 
-.5§ 

3.94 
4.08 

-.19 


I 


.216        .196 

.  ite  I    .013 

.034        .180 
1&74      98.28 


3.15< 

1.86 

1.40 

47.30  1 

2JB 

1.29 

1.36 

51.33 

X40 

1.81 

1.08 

4&14, 


2Lae 

L65 
.36 

i7.ae 

1.56 
1.29 

.27 
17.31 

2.06 

1-81 

.34 

11.70 


3.60 

.07 
1.90 

2.« 

2.T7 

.08 

2.81 

4.33 
4.3S 

.01 


Effluent.    "  

Part«  removed  . . . . 
Per  cent,  removed 


.200 
.019 
.060  1      .280 
20.14      98.86 


5.73  ■    3.10 

2.#>      2.8K 


.Sewage.  June.  IH06 

Effluent.    "  

ParlH  removed    . 

Per  cent,  removed 


.S^wa^e.  July.  1806 '    1.408 

Effluent.    "        "      1.273 

Parts  removed 129 

Per  cent,  removed  9.20 

Sewaijre.  Aujru«t.  1896 I  1.803 

Effluent.        ••  •    I  1.488 

Parts  removed .137 

Per  cent,  removed  '  8.56 

Sewaire.  September,  1806 1.331 

Effluent.  "  •'     I     1.119 

Pa rm  removed 212 

Per  cent,  removed 15.93 


.Sewage,  October.  1896  .... 
Effluent,        "  ••      .... 

Part«  removed  . . . . 

Per  cent,  removed 


Sewapre,  November,  1806  .... 
Effluent,         ••  •• 

Part*!  removed  ....... 

Percent,  removed  ... 


Sewatfe  for  year  ending  Dec.  1, 1896  .... 
Effluent      "  .... 

Part^  removed 

Per  cent,  removed  


1.238        .565 
1.037        .271 
.301  I      .294 
16.23      52.04 

1.257        .613 

1.106  !      .271  i  .2» 

.151        .3t2  .010 

12.01    :  5&7B  13.56 


l.'l« 

.497 

1.012 

.229 

.106 

.368 

9.48 

53.92 

NoTR.  -  Monthly  averatfes  are  made  from  dally  analyses  of  sewage  and  effluent.  The 
dal  ly  Mf  waKo  samples  consist  of  forty-eight  portions  taken  half  hourly.  Sewage  samples 
are  taken  as  nearly  aw  jwsslble  In  proportion  to  the  amount  of  sewage  being  received  at 
the  time  of  sampling.    Effluent  samples  consist  of  twenty-four  portions  taken  hourly. 
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f'UBUCUBRAR 
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ASTOft,LENaKAND 

TILOEN  FOUNDAT.»NS, 

1 900. 


OF  TUB 


SUPERINTENDENT    OF    SEWERS 


OF  TBK 


CITY  OF  WORCESTER, 


FOR  THB 


YKAR   ENDING    NOVEMBER   30,    1897 


WORCESTER,    MASS.: 
PRESS    OF    CHARLES    HAMILTON 
811     MAIN     STREET. 
1898. 


i[ 


To  the  Honorable  City  Council  of  the  City  of  Worcester: — 

In  compliance  with  Section  21,  Chapter  34  of  the  City  Ordi- 
nances, the  following  report  of  the  work  and  condition  of  the 
Sewer  Department  for  the  fiscal  year  of  1897  is  prepared. 

Bespectfully  submitted. 

HARRISON  P.  EDDY, 

Superintendent  of  Sewers. 

Office  of  the  Sewer  Department, 
December  1,  1897. 


MEMBERS  OF  THE  COMMITTEE  ON  SEWERS,  1897. 


President  of  the  Board  of  Aldermen  Edward  M.  Woodward, 

Chairman^  ex-officio. 

Alderman  Enoch  Eakle,  Alderman  William  A.  Lttle, 

President  of  the  CSommon  Council  Frank  B.  Hall, 
Councilman  George  S.  Hatch  (January  4  to  May  10), 

Councilman  Bernard  H.  MoMahon  (May  10  to  end  of  year). 
Councilman  Frederick  W.  Whitb, 

Councilman  Albert  M.  Powell. 


ANNUAL  REPORT 


OF  THS 


SUPERINTENDENT  OF  SEWERS. 


COKSTBUGTION. 

The  regular  sewer  construction  has  not  been  as  important 
during  the  year  as  the  work  upon  the  separating  system.  Near- 
ly all  the  sewers  petitioned  for  were  ordered  early  in  July  and 
were  built  before  fall.  Very  few  petitions  are  now  in  the  hands 
of  the  Committee-  on  Sewers,  and  the  number  received  and  re- 
ferred to  the  next  City  Council  is  not  large. 

The  rule  adopted  by  the  City  Council  that  petitions  must  be 
presented  on  or  before  July  I  if  to  be  acted  upon  during  the 
year,  has  been  of  great  assistance  to  the  department.  It  has 
made  it  possible  to  lay  out  the  year's  work  to  far  greater  advan- 
tage than  had  been  possible  in  the  past  and  it  has  assisted  in  the 
economical  construction  of  work  ordered. 

At  present  there  are  no  expensive  sewers  known  to  be  greatly 
needed,  and,  so  far  as  can  be  seen,  this  work  will  not  occupy 
the  department  for  a  very  large  portion  of  the  coming  year,  so 
that  it  will  be  possible  to  concentrate  the  entire  force  upon  the 
construction  of  the  separating  system. 

There  are  several  orders  on  file  for  sewers  which  have  not 
been  constructed.  One  of  these  is  for  a  surface  water  sewer  in 
West  Fremont  Street,  which  will  discharge  into  the  river  at  the 
bridge  recently  constructed  by  the  Street  Department.  This 
sewer  was  ordered  on  petition  from  the  Commissioners  of  Hope 
Cemetery,  but  at  their  request  was  not  constructed,  as  they 


6  SUPERINTENDENT  OF  8BWERS. 

found  relief  by  another  method.  There  is  need  of  a  sartace 
water  sewer  in  this  district,  however,  and  the  sewer  shoald  be 
built  next  year.  It  was  not  deemed  advisable  to  construct  it 
this  year,  as  it  would  have  to  be  laid  in  the  new  embankment, 
which  would  probably  settle  and  injure  any  construction  ia  it. 
Orders  are  also  on  file  for  sewers  in  Vinton,  Oilman  and  Ly- 
ford  Streets.  When  these  orders  were  made  out  it  was  ex- 
pected that  a  new  street  would  extend  from  Harlow  Street  to 
Lyford  Street  at  the  foot  of  the  hill,  and  that  an  outlet  miglit 
be  had  through  this  street  to  the  Harlow  Street  sewer.  It  has 
since  been  learned  that  no  such  street  will  be  built,  and  these 
sewers  cannot  be  built  until  an  outlet  is  provided. 

Several  orders  for  work  on  the  separating  system  are  on  file, 
but  no  more  than  necessary  to  keep  the  work  going  from  one 
meeting  of  the  City  Council  to  the  next. 

Several  surface  water  sewers  which  have  been  much  needed 
in  the  past  have  been  built.  The  one  in  the  Vernon  Street 
district,  discharging  into  the  Blackstone  River,  will  be  of  great 
assistance  in  maintaining  the  street  in  proper  condition,  as  it 
enables  this  department  to  provide  the  necessary  catch-basins. 
These  having  been  provided  and  the  gutters  of  Vernon  Street 
paved,  there  should  be  little  trouble  from  surface  water  here- 
after. The  extension  of  the  surface  water  sewer  in  Pleasant 
Street  will  also  prove  of  much  assistance  in  the  maintenance  of 
that  street. 

Separating  System. 

The  separating  system,  which  has  been  under  consideration 
for  a  long  time,  has  been  well  started  during  this  year.  After 
the  report  of  the  city  was  filed  in  court,  the  City  Council  peti- 
tioned the  legislature  for  leave  to  borrow  the  money  which  will 
be  required  for  constructing  this  system.  As  soon  as  such 
leave  was  granted  orders  were  passed  for  beginning  the  work, 
which  was  commenced  as  soon  as  possible  thereafter.  This 
work  has  been  pushed  as  rapidly  as  possible  and  very  much 
has  been  accomplished.  The  work  inside  of  the  Millbrook 
sewer  has  been  more  di£Eicult  than  any  other  portion  of  this 
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system  yet  undertaken.  For  the  building  of  this  conduit 
special  machines  had  to  be  purchased  and  considerable  time  was 
expended  in  preliminary  work,  but  at  the  present  time  this 
work  is  much  more  than  half  done,  and,  unless  prevented  by 
the  weather,  it  should  be  finished  early  next  year. 

The  South  Worcester  section,  in  the  vicinity  of  Cambridge 
Street,  has  been  almost  completely  re-sewered,  and  as  soon  as 
a  short  section  of  the  trunk  sewer  is  constructed  under  the  Nor- 
wich &  Worcester  railroad  tracks  all  of  the  surface  water  from 
this  district  will  be  diverted  from  the  sewer  system  and  turned 
directly  into  Stillwater  Pond. 

On  the  west  side,  from  Main  Street  to  Park  Avenue  near 
Maywood  Street,  and  from  Woodland  Street  to  Park  Avenue, 
sewers  have  been  constructed  which  will  convey  surface  water 
from  this  part  of  the  city  directly  into  Beaver  Brook.  It  is 
hoped  to  complete  all  of  the  work  in  this  part  of  the  city  dur- 
ing the  coming  year. 

During  the  year  the  department  has  received  $413,241.13,  of 
which  $225,772.22  have  been  expended.  Table  I.  shows  the  ex- 
pense and  receipts  of  the  year  for  the  various  branches  of  the 
work.  Table  II.  gives  an  account  of  the  stock  used,  together 
with  the  prices  paid  for  the  same,  and  includes  that  used  at  the 
purification  works  and  in  the  maintenance  department  as  well . 
as  construction.  Table  III.  gives  the  sewers  constructed  during 
the  fiscal  year  of  1897,  and  is  divided  into  two  parts,  the  first 
being  of  the  sewers  constructed  and  charged  to  the  regular 
construction  account,  and  the  second  the  sewers  constructed  and 
charged  to  the  account  of  the  separating  system.  In  all,  9.32 
miles  of  sewers  have  been  constructed,  together  with  375  man- 
holes and  95  catch-basins.  The  sewers  may  be  subdivided  as  fol- 
lows: Sanitary  sewers,  1.85;  combined  sewers,  1.80  miles; 
surface  water  drains,  2.15  miles;  and  in  the  separating  system, 
sanitary  sewers,  .44  mile ;  surface  water  drains,  3.80  miles. 
Sewers  built  in  ordinary  construction,  5.80  miles ;  and  in  the 
separating  system,  3.52  miles.  Of  the  9.32  miles  of  sewers 
constructed,  2.14  miles  are  trunk  sewers.  The  number  of  per- 
mits issued  during  the  year  is  410,  of  which  5  were  not  used. 


IF  '^ 


;ripr«»  for  n^pnin,  aod  i>  for 


t 


Tahce  L 
>r  mrAyciAL  skboubcss  ?qk 


Total, 
Total  «nipeii4e<l. 


9  :.U1  42       «l5.5tt  1:1 

22JiM  70 

2.4flS  78  12 


10  « 


i» 


U570  10 


4m.4W  «     « 12.10  0 
«Jitt  OS 


a« 


BUkMiee  IVc.  K  liWT.         0,07  2S       918.606  »» 
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Table  III. 

TABLE  OF  SEWERS  CONSTRUCTED  DURING  THE  FINANCIAL 

YEAR  OF  1897. 

Surface  Srwkrs. 


Stresi. 


Vernon, 

Eciber, 

Esther, 

lx>nlfle, 

DoarUa, 

Cambridge, 

Camp, 

Camp, 

Cambridge, 

8onlb  ('ryatal, 
Crrstal, 

Hacker, 

Sonthgate, 
Sonthgate, 
LItehfleld, 

Cambridge, 
Fremont, 

Illlnotfl, 
Rlehardt, 

Waller  avenae, 

Cambridge, 

Main, 

Main, 

Main, 

Dowoing, 

Woodland, 

Hollywood, 

Florence, 

Florence, 

Birch, 

May, 

Kingsbury, 
P«ge, 

Park  aTenue. 


Park  avenue, 

TnfU, 

Parker, 

May, 

May, 

Wlnfleld, 

Pleasant, 


Salisbury, 


Location. 


Ballard  aTenne  to  Upsala, 

I 

Vernon  to  Upeala, 

Vernon  to  Henrietta, 
Vernon  easterly, 
;  Cambridge  northerly, 
,Camp  to  Douglas, 
Caraoridge  northerly, 
{Stillwater  Pond  to  Cambridge, 

jcamp  to  South  Crystal, 

'Cambridge  to  Crystal, 
; South  Crystal  to  Illinois, 

Cambridge  to  Soutfagate, 

Hacker  to  Camp. 
Hacker  to  Klng*s  Court, 
Hacker  westerly. 

South  Crystal  to  Fremont, 
Cambridge  southwesterly. 

Crystal  to  Richards,     . 
Main  southeasterly, 

Blackstone  river  to  Cambridge, 
Waller  avenue  easterly, 
Maywood  to  Downing, 

Montague  westerly. 

Gates  LAue  to  Sylvan, 
'•  Main  to  Woodland, 
I  Downing  to  C-harlotte, 
jOberlln  northerly, 

Maywood  to  Downing, 

Maywood  to  Beaver, 

Maywood  southerly. 

Park  avenue  to  Clifton, 

Parker  to  Hollywood, 
Parker  to  Decatur, 

Parker  to  Downing, 

Parker  to  Tufts, 

Park  avenue  easterlv, 
Beaver  Brook  to  Park  avenue, 
I*ark  avenue  westerly, 

Beaver  Brook  northwesterly, 
Parker  northerly, 

Newton  square  to  Beecblng, 


Salisbury  pond  northwesterly. 


00 


si** 
3b 


o 


903(30 
18x27 

16 

U 

IS 

If 

» 

10 

13 

10 
34x96 
Mx36 
16x94 

U 

13 
18  oval 

U 

10 

13 

10 

18 

10 

10 

13 

10 

13 
94ronnd 
16x34 
16x34 
18  oval 
18  oval 
16  oval 

15 

13 
16x34 

13 

13 

18 

13 

13 

10 

16 

13 

10 

16 

13 

18 
94xW 
30x90 

80 

15 

15 

13 

13 

99 

13 

18 

15 

12 
38x48 
24x36 
20x90 
16x34 

90 
33x93 
30x80 


850^  i 

1140.1  S 
600^  f 
787  J) 
850^ 
80.7 
489.9 
101.4 
478.9 

10I9J 
329.4  < 
9S9AS 
648.4 

ms 

837.3  { 

498J{ 

818.0 

589.0 

308.3 

78.4  < 
405.7 1 
810  8 

19.U 

686  J  S 
504.5 


96.6  { 
819.1  S 


15 


8 

4 
8 

3 
8 
6 
4 
8 


4 
8 

13 

8 

4 

7 
1 

6 
8 

16 
10 


$5.446  46 

588  41 

467  61 


6,808  16 
988  84 

448  88 
185  67 


467  17 

448  78 
461  94 


1395  45 

U88  83 


1,854  68 
607» 
496  38 

674  89 
414  87 
405  80 


747  01 

583  06 

948  56 


7,881  11 


6,799  18 
8.198  9S 


Notk:   The  sewer  In  May  street,  Boaver  brook,  northwesterly,  was  oonstruoted  by  the  Highway 
Department. 
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Sanitary  Skwbrs. 


8tr«ot. 


Location. 


Blse 
(Incboa ) 


Length! 

(Peet.)' 


M.H.      Cost. 


I 


Main 
Bameoat 

Forbes 

Orne 

Orne 

Belrldere  ayenue 

Ollre  avenue 

Ashton 

Windsor 

Catharine 

Channloff 

Henchman  ct. 

Frederick 

Merrlfleld 

Wilson 

Hunt 

Adams 

Belmont 
Ltscomb 
Bloomlngdale  road 

Norfolk 

Chrome 
Henrietto 
Ashmoiit  ave. 
La^ani^e 

Illinois 

Gates 

Hollls 

Cambridge 

Sutton  lane 

Woodland 

Charlotte 

Florence 

Oberlln 

Florence 

Coes 

Mason  St.  ct. 

Parker 

Circuit  are.  east 

Enftlewood  avenne 

Isabella 

Sbamnnt 

Chamberlain  pi. 

Klnhomroad 
Trowbrtdire  road 

Schnssler  road 

Highland 
PriTate  st. 


Walnut  to  dudbury 
Terminus  northerly 

Lincoln  to  Westminster 

Lincoln  to  Westminster 

Paine  to  Lincoln 
BurncOHt  easterly 
Burncoat  easterly 
Washington  avenue  northerly 
Sturgls  to  Green  lane 
Hermitage  brook  to  Channlng 
Catharine  to  Harrington  avenue 
Heuchman  to  Frederick  st.  extension 

Henchman  ct.  easterly 

Elliott  northerly 
Seward  westerly 
Shrewsbury  southerly 

Terminus  to  Belmont 

Adams  westerly 
Shruwsburv  northerly 
From  M.  H.  No.  7  to  No.  8 

Wall  easterly 

Wall  to  Orient 

Rsther  to  Maxwell 

Qiilnslgaroond  avenue  to  South  Harding 

Main  southeasterly 

Crystal  northeasterly 

Illinois  northwesterly 

Grand  southwesterly 
UuncnnavenuH  to  Sutton  lane 
Cambridge  'o  B.  A  A.  K.  R. 
Mnvwood  northeasterly 
l*ark  avenue  to  Florence 
Charlotte  to  Oberlln 

Florence  to  Hollywood 

Shirley  to  Charlotte 

Park  avenue  westerly 

Mason  westerly 

Park  avenue  to  Bradford 

Columbus  to  Cabot 

Ferdinand  to  Isabella 

Bnglewood  avenue  to  Circuit  avenue  east 

Russell  easterly 

Pleasant  northerly 

Highland  to  Institute  road 
Highland  to  Institute  road 

Highland  to  Instltnte  road 

Terminus  to  Schussler  road 
Boynton  to  West 


10 
16 
12 
10 

8 
10 

8 

8 

8 

8 
U 

8 
U 
16 
19 
18 

8 

8 

8 

8 
18x27 
16x24 
16x24 

8 

86x64 

10 

8 

9 

8 

8 

9 
10 

8 
12 

8 
12 

8 

8 
12 
10 
10 
10 

9 

8 

8 

8 
10 

8 
16 

8 

9 

9 
IS 

8 
12 

8 
12 

8 
12 

8 


:!( 


110.6 
862.8 
6K7.0 

46.7 
267.9 

64.1 
270.8 
218.8 
888.0 
863.0 

847 
143.7 
490.6 
884.0 
243.2 
120.6 
166 
292.6 
176.6 
274.4 
244.6  ( 
80.V2t 
217.4 
880.1 
211.6 
494.0  f 
1179.0  S 
361.2 
404.7 
627.3 
226.1 

43  0{ 
408.6  S 

484.8  { 
823.6  S 
294.4 
694.6 
245.8 

41.9 
706.8 
464.2 

261.9  ( 
316  6  S 
6088 

1216.9 
165.4 
536.4 
162.4 
383.4 
622.4 
168.7 
244.6 
88.0  { 

768.8  S 
46.0  ( 

694.8  { 
43.9/ 

641.0  S 
110  4 
471.9 


2 

8 

8 


9 

2 
8 
I 
2 
4 
8 
8 


9 
8 
8 


2 
8 
1 

10 

8 
4 
4 

8 

8 


8 
6 
9 
2 
6 
4 

6 

8 
8 
2 
8 
2 
2 
6 
2 
2 


1 
4 


1844  45 

8,796  17 

696  61 

888  68 

190  88 

1,464  74 

«68  18 

48  70 

180  89 

989  99 

672  48 

289  87 
260  24 
591  91 

2,889  67 

894  61 

1,246  18 

2,252  68 

864  85 
447  16 
663  09 
284  47 

426  78 

621  16 
857  98 

1,188  84 
79  88 


2,917  88 

459  14 

884  19 
115  61 

142  88 

788  09 
174  64 
828  96 

716  96 
765  75 
688  59 

962  96 


Following  is  a  brief  schedule  of  the  property  owned  by  the 
Department :  — 


Personal  property, 

Hammond  street,  1,700  feet  of  land, 

Disposal  works,  land, 


$31,741  35 

"  425  00 

34,300  00 
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Baildings  and  machinery.  East  Worces- 
ter street,  2,812  00 

Baildings     and     machinery^     disposal 

works,  11,720  73 


$80,999  08 

The  buildings  at  the  Parification  Works  are  in  fairly  good 
condition.  At  EslqI  Worcester  street  the  building  used  as  a 
shop  is  in  poor  condition,  the  floor  having  fallen  through  several 
times  during  the  past  year.  All  tools  and  machinery  are  in 
proper  condition. 

Recommendations. 

1.  That  a  stable  be  erected  as  soon  as  possible  at  the  head- 
quarters on  East  Worcester  street. 

2.  That  the  shop  be  repaired  or  in  part  rebuilt  during  the 
present  winter. 

3.  That  more  yard  room  be  provided  at  once. 

4.  That  several  new  horses  and  wagons  be  purchased  before 
Spring. 

5.  That  the  ordinances  be  modified  to  conform  to  the  plan 
adopted  for  a  separate  system  of  sewers. 

6.  That  the  ordinances  be  modified  so  as  to  prevent  any 
possibility  of  the  discharge  of  steam  into  sewers. 

Purification. 

The  treatment  of  the  sewage  has  been  carried  on  through- 
out the  year  substantially  as  in  the  past.  The  volume  of  sew- 
age received  at  the  precipitation  works  has  increased  to  an 
average  of  seventeen  million  gallons  per  day  of  twenty-four 
hours.  The  sewage,  while  not  so  strong  as  in  1896,  has  been 
stronger  in  proportion  to  the  flow.*  From  the  analyses,  which 
have  been  daily  as  in  former  years,  it  appears  that  53.02  per 
cent,  of  the  organic  matter  in  the  sewage  has  been  removed. 
This  is  nearly  one  per  cent,  less  than  in  1896,  and  may  be  ac- 
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counted  for  partly,  at  least,  by  the  increased  flow.  About 
3,700  tons  of  lime  have  been  used  in  the  treatment,  which 
would  average  1,130  pounds  per  million  gallons,  or  7.9  grains 
per  U.  S.  gallon. 

The  sludge  produced  has  been  disposed  of,  as  in  the  past,  by 
being  turned  onto  the  land  and  dried  by  filtration  and  evapora- 
tion. During  the  year,  66,557,365  gallons  of  sludge  have 
been  pumped  from  the  settling  basins.  This  amounts  to  1.7 
per  cent,  of  the  flow  of  sewage,  and  when  pumped  contains 
about  97.39  per  cent,  water.  The  total  amount  of  dry  solids 
removed  from  the  sewage  in  this  way  was  7,237  net  tons.  The 
demand  for  sludge  to  be  used  for  fertilizer  has  increased  during 
the  year,  6,350  two-horse  loads  having  been  drawn  onto  neigh- 
boring farms  by  the  farmers  themselves.  This  is  an  increase 
of  850  loads  over  that  taken  in  1896.  The  sludge  drawn  away 
contained  on  the  average  75  per  cent,  moisture,  and  the 
average  load  would  weigh  at  least  3,000  pounds. 

The  results  of  the  treatment  from  year  to  year  may  be  com- 
pared in  tables  IV.  and  V.  It  will  be  noticed  that  the  results 
shown  in  table  IV.  indicate  that  the  treatment  has  not  been 
quite  as  efficient  during  1897  as  in  1896,  but  that  it  was  better 
than  in  the  years  previous  to  1896. 

Table  IV. 


Per  Gent,  Organic  Matter  Removed  from  Sewage. 


Description. 


Total  amount  ( by  CTaporation ) 

Amount  in  Suspension  (by  evaporation) 
Total  amount  (by  albuminoid  ammonia) 
Amount  in  suspension  (by  albuminoid  ammonia) 

Total  amount  ( by  oxygen  consumed) 

Amount  in  suspension  ( by  oxygen  consumed ) 


1S93. 

1894. 

1895. 

1896. 

1897. 

60.88 
90.67 
48.49 
76.67 
33.65 
80.85 

49.36 
94.45 
50.79 
89.M 
43.84 
81.08 

51.63 
91.11 
54.35 
78.01 

53.92 
92.02 
51.62 

63  02 

monia). 

93.46 
52.00 

ed) 

Note. — ^Although  the  determination  of  oxvgen  consumed  has  been  made  throughout 
the  year,  it  is  not  considered  as  reliable  as  the  determinations  of  albuminoid  ammonia, 
because  of  large  amounts  of  iron  present  in  the  sewaee,  and  also  because  the  determina- 
tion itself  is  by  no  means  as  satisfactory  as  that  for  albuminoid  ammonia. 
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The  monthly  averages  of  the  composition  of  the  sewage  and 
effluent,  together  with  the  per  cent,  of  the  organic  matter 
removed,  can  be  studied  in  detail  from  Table  VI.  It  is  inter- 
esting as  well  as  important  to  notice  that  the  efficiency  com- 
pares in  inverse  ratio  with  the  flow  of  the  sewage. 

CoNDrnoN  OF  the  Blackstonb  BrvER. 

There  is  little  change  in  the  condition  of  the  Blackstone 
River  to  report  this  year.  According  to  the  monthly  analyses 
of  this  water,  made  by  the  State  Board  of  Health,  the  pollu- 
tion has  been  greater  than  in  1896,  while  the  weekly  analyses 
made  by  this  Department  would  indicate  an  improvement  from 
Washburn  &  Moen's  pond  to  Aldrich's  pond  in  Millbury.  The 
improvement,  while  not  very  great,  appears  to  be  steady  from 
year  to  year.  Tables  VII.,  VIII.,  and  IX.,  the  latter  of  which 
is  compiled  from  the  records  of  the  State  Board  of  Health,  con- 
tain the  results  of  this  year's  analyses  and  averages  of  analyses 
of  several  years  past. 
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TABLE  VI. 


Monthly  Averages  of  Analysea  of  Sewage  and 

(Parts  per  100,000.) 


r>ATK  OF  f'()IJ.K(TION. 


Hf^wAK^,  r>f»r<*inl>f»r,  1«».., 
KI11u«»fit,        "  •*   .. 

P*»r  cant,  ranioved . 


H«*wfi|C0,  JAntmry,  1X97 

Kffluftnt,       ••  ♦•    

P«r  rant,  ramoveil. 


S«»w»uo,  F«!»niAry,  1897. . . 
Kfflu«nt,         •♦  ••    ... 

Per  cant,  ramovad, 


SawAffa,  March ,  1897 

Rfflnent.      ••         ••     

Par  cant,  ramovail . 


Aa-wAga,  April,  1K97 

Kffluent,     ♦•        ••    

Per  cant,  ramovail. 


Hawajje,  May,  1897 

Effluent.   "       "     

Per  cent,  ramovarl . 


Hawaf^a,  June,  1897 

Effluent,    "        "   

rcr  cent,  removed. 


Sewafce,  July,  1897 

Effluent.    "        *•   

Per  cent,  removed. 


Sawafire,  Au^Bt,  1897 

Effluent.       "         "    

Per  cent,  removed. 


Sewafi^e,  September,  1897  . . 

Effluent.  "  **    .. 

Per  cent,  removed. 


Sewage,  October,  1897 

Effluent.       "  "    

Per  cent,  removed. 


Sewj^cGf  November,  1897. . . 

Effluent,         "  "    ... 

Per  cent,  removed. 


Sewapre  for  year  ending  T>ec.  1, 1897. 
Effluent,"     "         "  a 

Per  cent,  removed. 


(t     << 


ti 


AMMONIA. 

OrTGKS 

COSJKTMKD. 

^ 

! 

ALBUMIirOID. 

9 

• 

3 

c 
H 

•3 

1 

1 

1.027 
.879 
14.42 

.483. 
.280 
46.17 

.236 
.246 
-3.81 

.247 

.016 
93.93 

1 

4J»      2.2* 
2J»      2.J0 

47JB      0.91 

1 

1 

6jOrr 

6ja9 

1.061 
.9fll 
12.28 

.472 
.260 
45.13 

.236 
.224 
4.68 

.237 
.036 
86.25 

3.86'    2.^ 

2.19!    2J9 

43.U      1.35 

5JB2 

.    5JS7 

-0J86 

.853 
11.09 

.445 
.229 
48.54 

.243 
.221 
9.01 

.202 
.008 
96.04 

4.61 
2J» 

50.87 

2.48 
±36 
9.2t 

5.71 

5.77 

-1.06 

.505 
.471 
6.73 

.266 
.132 
48.44 

.148 
.126 
16.44 

.107 
.006 
93.44 

3.03 

1J» 

48.61 

1.79 

1J» 

14.6i! 

3.80 
3.75 

.796 
.604 
12.81 

.179 
44.24 

.171 
.160 
1.17 

.160 
.010 
93.33 

3.61 

2.00 

43.02 

1.98 

2.00 

-0-50 

4.68 

,    4.64 

-0.43 

1.077 
.915 
16.04 

.428 
.202 
52.81 

.196 
.181 
7.66 

.232 
.021 
90.96 

3.96 

1.90 

62.02 

1.81 
1.90 

5.64 

5.70 

-1.06 

1.220 
1.089 
9.10 

.491 
.215 
66.20 

.229 
.198 
13JS4 

.262 
.017 
93  J» 

4.31 

1.84 

54J6 

2.06  > 
1.94 

6.37 

1 

,    6.23 

6.27 

-0.64 

1.208 
1.095 
0.36 

.486 
.206 
67.62 

.227 
.188 
16.67 

.260 
.017 
93.34 

3.76 

1.68 
57.88 

i.n' 

liW 
7.02 

6J9 
6.38 
0.16 

1.137 
1.063 
6JS0 

.648 
.261 
69.71 

.306 
.248 
18.95 

.342 
.013 
96.20 

4.40 

1.72 

60.89 

1.75 
1.T2 
1.72 

6.50 
6.64 
0.76 

1.457 
l.;)09 
3.98 

.263 
66.27 

.308 
.245 
20.46 

.280 
.018 
93.67 

4.75 

1.92 

68.68 

2.19 

1.92 

12.33 

7.09 
7.07 
OJO 

1.724 
1.583 
8.18 

.621 
.252 
60.42 

.279 
.241 
13.62 

.342 
.OU 
96.79 

2.66 
62.42 

2.78 
2.65 
4.67 

6.84 
6.83 
0.16 

1.108 
1.000 
9.75 

.481 

.226 
ft4.18 

.224 
.201 
10.27 

.267 
.024 
90.00 

4.88 

2.44 

60.10 

2.46 
2.44 
0.82 

6.88 
6.79 
1.63 

1.108 
1.001 
9.66 

.478 
.224 
53.02 

.233 

.208 
10.75 

.246 
.016 
93.46 

4.23 

2.03 

62.00 

2.12 
2.03: 

4.26  1 

6.87 

5.89 

-0.34 

NoTK.— Monthly  averagefl  are  made  from  daily  analyses  of  sewage  and  effluent.    The 
dailv  sewage  samples  consist  of  forty-eight  portions  taken  half  hourly.    Sewage  samples 
"*^  laken  as  nearly  as  i>ossible  in  proportion  to  the  amount  of  sewage  being  receivea  at 
*^ime  of  sampling.    Effluent  samples  consist  of  twenty-four  portions  taken  hourly. 
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TABLE  IX. 


CondiHon  ofBiadtaUme  Birer  bekm  S^wtgt  PteeipUatiom  Waria^ 

8taU  Board  of  BeoIUL 

(Pans  per  VMuOn.) 
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NOTB.— Tid*  UMe  te  Uken  from  Mass.  State  Board  of  Health  Records  Xrj  permission. 
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Work  upon  the  filter  preases  wns  <ielayed  daring  the  first 
part  of  the  year,  as  it  was  deemed  vviae  act  to  let  any  contracts 
for  the  work  antil  after  the  report  of  the  experts  apon  the 
separating  system  bad  been  presented.  Aja  soon  as  the  report 
was  made  public  and  it  was  fonnd  that  no  radical  i^hange  in  the 
methods  of  sewage  treatment  was  re<tommende<l^  the  contract 
was  let  fiir  fbar  filter  preases.  At  the  present  time  one  of 
these  machines  is  erected,  and  the  other  three  will  be  installed 
daring  the  winter.  As  the  plant  is  not  yet  completed  and  run-* 
ning,  a  detailed  description  of  it  is  postponeii  for  another  year. 

Maovteiiancb. 

The  maintenance  of  the  sewer  sv<}tem  is  a  work  which  re- 
qaires  constant  attention  and  expenditure,  and  yet  is  never 
thought  of  or  appreciated  unless  neglected.  It  is,  therefore, 
not  as  aadsfiictory  as  the  other  branches  of  the  work  of  this 
Department. 

Repairs  are  frequently  made  to  the  older  portions  of  the 
sewer  system,  and  at  the  present  time  the  sewers,  with  the  ex- 
ceptioa  of  the  one  in  Shrewsbury  street,  are  in  very  good  con- 
dition. A  short  portion  of  the  sewer  in  Shrewsbury  street  is 
considerably  cracked.  It  is  thoroughly  braced  by  timbers,  and 
is  senring  its  purpose.  It  should  be  rebuilt  soon,  as  each  year 
it  becomes  worse,  and  is  liable  to  collapse  if  allowed  to  remain 
in  its  present  cooditioiu 

By  fiu'  the  largest  portion  of  the  work  on  repairs  is  caused 
by  the  laying  of  pipes  and  conduits  in  the  streets  and  by  the 
making  public  of  private  streets  and  the  construction  of  side- 
walks. In  such  cases  many  manholes  and  catch-basins  are 
injured  or  destroyed.  For  nearly  all  of  this  work  bills  are 
rendered  to  the  various  city  departments  and  private  com- 
panies. 

As  in  previous  years,  such  portions  of  the  system  as  require 
it  are  cleaned  by  scraping  and  flushing.     It  is  intended  to  flus^ 
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all  of  the  smaller  pipe  sewers  at  freqaent  intervalsi — the  rule 
being  once  in  six  weeks.  * 

The  number  of  catch-basins  has  increased  during  the  year, 
and  consequently  more  work  is  required  to  keep  them  in 
proper  condition.  During  the  year,  6,483  loads  of  refuse  hare 
been  removed  from  the  basins,  at  an  average  cost  of  $0.60j^  per 
cubic  yard.  This  cost  includes  money  expended  for  teams  as 
well  as  for  men.  The  basins  are  not  in  as  good  condition  at 
the  close  of  the  present  year  as  usual,  because  the  force  em- 
ployed at  cleaning  them  was  withdrawn  to  assist  in  the  con- 
struction of  sewers  in  the  separating  system,  which  work  has 
required  the  service  of  every  available  employee  of  experience 
in  the  department.  It  is  believed,  however,  that  no  incon- 
venience will  arise  from  this  source. 

In  closing,  the  Superintendent  desires  to  express  his  grati- 
tude to  the  Committee  on  Sewers  for  the  interest  it  has  taken 
in  the  affairs  of  the  Department  and  for  the  aid  and  support 
afforded  him.  It  is  also  pleasant  to  acknowledge  the  assistance 
which  has  always  been  willingly  furnished  by  Mr.  Matthew 
Gault  and  his  assistants,  who  have  had  charge  of  the  engineer- 
ing of  the  Department.  Special  mention  should  be  made  of 
the  efficient  and  the  faithful  services  rendered  by  Mr.  Julius 
W.  Bugbee,  Chemist,  and  Mr.  Robert  N.  Cundall;  Electrical 
and  Mechanical  Engineer.  To  these  gentlemen  and  the  several 
other  faithful  assistants  the  credit  is  due  for  whatever  success 
has  been  attained  in  the  work  of  the  year. 

Respectfully  submitted. 

HARRISON  P.  EDDY, 

SuperintmderU  of  Sewers. 
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Superintendent  of  Sewers. 


OF   THB 


CITY  OF  WORCESTER. 


FOB   TEDB 


YEAB  ENDING  NOVEMBER  30,  1898. 


tniorcefter,  AaM.i 
PRESS  OF  F.  S,  BLANOHARD  &  CO., 

84  FRONT  STREET. 
1899. 


To  the  HmorabU  CUy  Council  of  the  Cittf  of  Worcester: 

In  compliance  with  Section  21,  Chapter  34,  of  the  City  Ordi- 
nances, the  following  report  of  the  work  and  condition  of  the 
Sewer  Department  for  the  fiscal  year  of  1898  is  prepared. 

Respectfully  snbmitted, 

HARRISON  P.  EDDY, 
Saperintendent  of  Sewers. 

Office  of  the  Sewer  Department,  December  1,  1898. 


MEMBERS  OF  COMMITTEE  ON  SEWERS.  1898. 


President  of  the    Board  of    Aldermen    Burton  W.   Potter, 
Chairman. 

Alderman  Napoleon  P.  Huor. 

Alderman  James  H.  Mellen. 

President  of  the  Common  Council  Frank  B.  Hall. 

Coanciimen  Albert  Man  Powell. 

Coancilman  Frederick  W.  White. 

Coancilman  Bernard  H.  BIoMahon. 


REPORT  OF  THE  SUPERINTENDENT  OF 

SEWERS. 


A  very  large  amount  of  work  has  been  done  by  this  depart- 
ment during  the  past  year.  Much  of  it  has  been  difficult,  and 
the  excavations  have  been  deep.  On  account  of  the  depth  at 
which  the  sewers  have  been  laid  and  the  excessive  rainfall, 
water  has  been  encountered  on  nearly  every  piece  of  work 
done,  and  this  has  greatly  added  to  the  difficulties. 

As  seen  from  Table  I  the  department  has  had  to  its  credit 
a  total  of  1613,223.58,  and  has  expended  |368,530.60. 

The  number  of  employees  has  been  gradually  increased 
throughout  the  year,  and  during  the  fall  over  600  names  have 
l>een  on  the  weekly  pay-rolls.  For  a  number  of  years  previous 
to  1897  the  average  working  force  amounted  to  about  150  men. 
Providing  tools,  stock  and  machinery,  as  well  as  effecting  suit- 
able organization  and  office  equipment  for  the  greatly  in- 
creased work  of  the  last  two  years,  has  been  no  small  under- 
taking. 

Sewers  have  been  constructed  to  the  extent  of  10.04  miles, 
and  it  may  be  of  interest  to  examine  in  detail,  as  follows: 

General  Construction. 

Sewers    3.15 

Surface  water  drains 58 

Total   3.73 

Separating  System. 

Sewers 2.33 

Surface  water  drains  3.76 

Total  6.09 

Trunk  Sewers. 

Sewers   2.95 

Surface  water  drains 1.79 

Total   4.74 
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Tablb  I. 
SUMMARY  FOR  FINANCIAL  RESOURCES  FOR  1808. 


Maintenance. 

COnatmctian. 

Pnriflcation. 

Statutes  of 

uvr. 

Balance  Dec.  1, 1807, 

Appropriation, 

AMemnente. 

#3,637  26 
13,000  00 

#18,606  60 
17,000  00* 
20,238  39 
6,817  12 

#22,499  21 
55,000  00 

#1^726  84 
1300,000  00 

Rerenne, 

2,787  64 

, 

484  81 

• 



426  71 

Totel, 
Total  expended, 

#19,^4  90 
16,962  72 

#62,662  11 
62,596  34 

#77,984  02 
64,440  83 

#443,152  55 
225,231  71 

Balance  Dec.  1, 1898, 

$3,162  18 

#66  77 

#13,543  19 

#217,920  84 

*  From  license  money. 
t  Loan. 
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TABLE  m. 
TtMe  af  Bewen  Conttruded  DuHng  the  Financial  Year  o/  1898, 

SUBFACB  8EWEB8. 


Street. 


Armory  court, 

Austin, 

Baneroft, 

Beaohmont, 

Bloaaom, 

Bluff, 

Ounbridge, 

ChAndler, 

CluuuUer, 

Mftson. 
Dewey. 

Dewey. 

Famum, 

Fremont. 

Oermatn, 

Highland. 

Hope  Cemetery. 

Hudson, 

Institute  road. 
King. 
Main. 
Main. 

Main. 

BCason, 
Mason, 

Maywood, 

New  York, 

Oliver. 
Park  avenue. 
Park  avenue. 

Parker. 

Pleasant, 

Pleasant, 

Pleasant, 

Pleasant, 

Pleasant. 

Richards, 

Russell. 

Schussler  road. 

Shirley. 

Southbridge. 
Oollege, 

Townsend, 
Trowbridge  road, 
Wlnslow, 
Woodland, 


Location. 


Sonthgate,  southerly. 
Mason  to  Bellevue, 
Chandler,  southerly. 
Curve  from  Institute  road, 
Russell  to  Hudson, 

Mason  to  Bellevue, 
Qarfleld,  westerly, 
Mason  to  King, 

Beaver  Brook  to  Mason, 

Chandler  to  Pleasant, 
Pleasant,  southerly, 

Parker  to  Barbour, 

Curve  from  Institute  road, 

Blackstone  river  to  New  York, 

Highland,  northerly, 

Sever  to  Schussler  road, 

New  York,  southerly. 

Pleasant  to  Elm, 

Hall  to  Beachmont. 

Chandler  to  Jaques  avenue. 

Biay  wood  to  Freeland, 

Freeland  to  Clement, 

Webster  square  to  BCarble.    Relaid 
for  Water  Department. 

Parker  to  Bluif. 
Parker  to  Barbour. 

Park  avenue  to  Main. 

Fremont  to  Hope  cemetery, 

Park  avenue  to  Woodbine. 
Maywood  to  Shirley, 
Beaver  brook  to  Maywood, 

Park  avenue  to  Page. 

Park  avenue  to  Dewey, 

Park  avenue,  westerly. 

Mason  to  Hudson. 
Hudson  to  Dewev. 
MasoQ  to  Russell, 
Curve  from  Main, 
Pleasant  to  Elm, 
Curve  from  Highland, 
Curve  from  Park  avenue. 

Blackstone  river  to  Caro. 

Russell  to  Hudson, 
Curve  from  Highland. 
Pleasant  to  Austin, 
Maywood.  easterly. 


\ 


(inches). 


12 
10  oval 

12 

12 

12 

15 

12 

8.5x3 

7.75x4 

16X24 

15 
48  round 
45  round 
60x75 
48x72 
48x72 

12 

15 

12 

12 

18 

15 

12 

15 

12 

12 

15 

12 

15 

12 

12 
10x24 

15 

12 

12 

15 

18 
10x24 

12 
24x90 
22x83 
20x30 

15 

12 

12 

12 
24x30 

28 

15 

12 

18 

10 

18 

12 
41 

12 
38x54 

12 

12 

28 

24 

90 

12 

12 

12 

12 

10 


00 


Length 
(feet) 


G08.S 
3310 
2l3wl 

37.0 


100.7 
437.0 
ZSlJb 
344.8 
S8a4 
284.5 

315 
1513 
4213 
067.4 
9810 
301.5 

210 
307.2 

30.2 
2715 
0818 
740.2 
165.3 
3010 
252.2 
438.0 
014.3 
58B.0 
3517 
320.8 
2818 
3110 
190.0 
4011 
4210 
2810 
4414 
395.0 
2810 
4912 
0110 

21.8 
2018 
680.1 
408.7 
7016 
0014 
147.8 
212.7 
405.0 
3114 
1410 
211.0 
7110 

212 
8210 

21.0 

313 
225.0 
150.1 
531.8 
141.3 
000.4 

211 
0710 
183.5 


2 
3 
2 
1 
5 
0 


4 

3 

1 
0 

5 
3 

1 

8 


3 
5 

I 
11 


3 

3 

10 


5 
4 


2 
5 

2 

2 
4 

I 
4 
1 
1 
0 


5 
1 
6 
2 
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Sanitabt  Sbwbbs. 


street. 

Location. 

Size 
(Inches). 

Length 
(feet). 

606.8 

M.  H. 

Armory  court, 

Southgate,  southerly. 

15 

2 

Bumcoat, 

Lincoln,  northerly,  extension. 

8 

104.7 

1 

Cambridge, 

Sutton  lane  to  Richards, 

8 

725.1 

5 

Charlotte, 

Florence,  easterly. 
Florence,  westerly, 

10 

40.6 

1 

Downing, 

8 

138.0 

2 

Elm. 

Sever,  easterly. 

8 

1,432.5 

11 

Englewood  avenue, 

Isabella  to  Lisbon, 

12 

825.0 

2 

Grove, 

North  to  new  street. 

18 

841.7 

3 

New. 

Qrove  to  Park  avenue, 

12 

«6».4 

4 

Park  avenue, 

New  street  to  Pratt  court. 

10 

843.4 

3 

Pratt  court, 

Park  avenue  to  Whitman  road. 

8 

62a4 

4 

Whitman  road. 

Pratt  court,  northerly, 

8 

102.8 

2 

Whitman  road. 

Pratt  court,  southerly. 

8 

218.2 

2 

Sagamore  road. 

Park  avenue  to  Monadnock  road. 

8 

1,016.2 

6 

Monadnock  road. 

Sagamore  road,  northerly. 

8 

281.2 

3 

Whitman  road. 

Sagamore  road,  southerly. 

8 

720.0 

5 

Park  avenue, 

New  street  to  Salisbury, 

12 

1,408.4 

0 

Salisbury, 

Park  avenue,  northerly, 

J          10 

1            8 

8U1.4 
841.0 

11 

Monadnock  road. 

Salisbury  to  Sagamore  road, 

8 

161.0 

1 

Harrison  avenue. 

M.  H.No.  2,  southerly. 

12 

125.5 

1 

Hawthorn, 

Main  to  Woodland, 

8 

370  8 

2 

Haviland, 

Highland  to  Institute  road. 

8 

006.1 

5 

lUinois, 

Crystal,  easterly,  reconstructed, 

8 

75.4 

1 

Keese, 

Grafton,  easterly. 

8 

307.2 

2 

Lafayette, 
Larch, 

Quinsigamond  avenue  to  Washington 

82x42 

l,58i7 

0 

Winslow  to  South  Russell. 

8 

210.1 

2 

Lisbon, 

Englewood  avenue  to  Circuit  evenue. 

8 

447.6 

4 

Main, 

Market,  northerly,  extension. 

12 

116.3 

1 

Mill, 

Park  avenue  to  Lake, 

15 

088.1 

7 

Mlllbrook, 

Outfall  sewer  to  Cambridge, 

3.660.0 

~ 

Millbury. 

Cambridge  to  Sigel, 

48 

2,100.0 

10 

Murray  avenue, 

Wellington  to  Dale, 

10 

681.4 

6 

North  Park  way, 

Burncoat,  easterly, 

8 

213.5 

2 

Oswald, 

Stebbins,  southerly. 

8 

340.5 

3 

Pleasant, 

Curve  at  South  Russell. 

18 

15.2 

1 

Quinsigamond  ave., 
Richards, 

Gate  chamber  to  Lafayette. 

48 

2,440.1 

12 

CTurve  from  Cambridge, 

8 

21  0 

1 

Sewer  location. 

Harlow  to  Lyford, 

10 

1,014  7 

8 

Lyford. 

Sewer  location  lo  Paine* 

8 

410.1 

4 

Oilman, 

Sewer  location  to  Paine, 

8 

400.0 

4 

Vinton, 

Sewer  location  to  Paine, 

.  8 

418.3 

4 

South  Russell, 

Pleasant  to  Larch, 

8 

300.0 

4 

Stebbins, 

Thenlus  to  Oswald, 

8 

103.8 

1 

Washington, 

Lafayette,  northerly. 

32x42 

415.0 

2 

NOTK.— Harrison  avenue.  North  Park  way  and  Keese  street  were  constructed  for 
private  parties. 


Total  sewerB  and  drains   10.04 

Total  number  of  man-holes  built 340 

Total  number  of  catch-basins  built. . . .       40 


^  ''-^i.**-     .nrT^rKST' — ^». 


.f*t»r'»  n     f    \.A     '.''^z    «nit    '   .liiT    t*  arp*"arLniE "  i 
;ianr'.'.>«    ^    '.*-   ".:r.'*?*nr    nny^i.t^  zam  ~"ii*  -t«c  "^r 
!«^    1    ,;»*»r  4#«ji«#»nii.    1*    v»-»:    ij  -rii*-    rrrff*    aid.    t^t  ~::£9b»  uI 


>f*r*  .^**-,r   «.  r'.r.iz  '  *,*►  "rfiaf   '*-ar-  12*  "r»-.l  us     v  ~ne  •'t>iinniH?*i  'ie- 

p;?,:,' V     ^-i^^l      ,11. .r^ 

NT',,/  ,  r  r-,iat  t4>^»frruft-  !.**  iiH>rs  .liirp-  .T*nimp*i  rre*iiieiir  :3iior- 
.ri<r.  /fn/f  tr/v  rkr***  n  -i  '^•r*'  inaarV  t>iidin.>iL  Unch.  wnric  iuifr 
rK^T*  .|/>r;^  .n  •!;*>  ►r,**n  i.r  »#=^an:H*  '>i  [suli's.  »f  m4>iit  inside,  azid 
•]..«»  ^';«iMr'a  .U'i;«y  ^rul  nlturU*nad  •rip»*a:4t*^  n  'he  worit  in  hand. 
;«if   w;|  ^«i  .'m^ar?a5«s4ra«ir  ^>f  "h**  work   >ii  "iie  ^^ew^cs  caoaed 

T  »^  4hM  r^oNfi  from  r\\tt  aitjoinimr  f^atare.  ffwaifiriv  beioa^* 
\j\<X  -o  i>uv\\ug:  Srof  h^r».  in  a  rf-rv  p<Hir  ;ictt)iniiii]datioii  for  the 
fonr  .»orw^iai  »^^^»t  r\xf^p.,  and  iji  *rfnn=»fi  ar  a  hica  price,  as  there 
i«f  nA  '^♦n^'r  av^ilf^M^  .4hf*lt>*r  wiiu:h  -^an  b»^  used  for  a  stable. 

Til'*  m^^^-hmi-r/  own^fl  by  rtu*  ilttparrment  is  in  very  good 
A/vn*1ifion,  f^An«ri4<*r1nif  the  amnant  of  work  it  has  done.  One 
noT«»in<y  '^nQ:In^,  which  ha«»  be«i  os^fd  for  many  jears^  should 
M  /1i«j>A^iA/|  of  jind  a  new  and  modem  machine  porchased  to 

Tw6  r\f^  (.iwr^fm  excavators  have  been  boilt,  and  have  been 
irt  f'hr\^\i\ut   n«e  wince  fhey  were  completed.     The  excavator 
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b J  t&e-  ^itj  hMt  b««tt  UL  QBie-  ^[lurin^  tJkil^  <^fttir^ 
mjoA  a  f»<Ert&:  one  has  b«en  riHite^  from  tlkie  Ourwife 
TrenclL  Ma^hiine'  CompajLT  amei»^  September  1. 

SrrenJ  aMtoou  to  thie  s&«>p>  etxnlpaDent  ;infr  r^ivj  ■ng^eawMfT. 
iHit  can  ibot  be  prE>Tide^  antil  nMce  rooniL  s  aT^iilAbtei 

A  pOe^drirer  has  b«efi  boilt^  bat  hds  oot  bei»  «sed  jet.  aft»  ftt 
aerenl  pUecs  wbere  it  wms  ftt  fir»t  mtendeii  to  drin^  pilm 
other  methods  were  adopted.  This  nkaehinie  wtlU  hoverer. 
piOTe  of  moeh  use  m  fntvie  jearsv  as  there  are  maaj  plaeea 
where  it  will  be  required. 

The  iar^  Band  air-eomp<ressor  whieh  bas  been  nsed  for 
nearly  fifteen  jears  will  be  taken  from  the  poriflcation  workn^ 
where  a  smaU  one  has  been  ordered  to  take  its  plaee>  and 
»ect€d  at  the  power  station  to  fnraish  eompretssed  ntr  for  the 
tonne!  work  in  Water  street.  It  Is  doabtfnl  if  it  will  be  able 
to  famish  snlfici«it  air  for  this  work  withoot  assistance  ftrxMn 
another  machine^  and  if  it  runs  on  til  this  sewer  is  completed  it 
can  be  considered  to  hare  aenred  its  nsefnlness^  and  should  be 
disposed  of,  as  it  wonld  be  hardly  worth  repairing  for  future 


Maintenancil 

This  branch  of  the  work  has  received  its  nsnal  attention. 
The  repairs  required  bj  the  system  hare  not  been  large  or  ex- 
pensive.  Most  snch  work  is  caosed  by  laying  of  street  railway 
lines,  gas  mains,  conduits  and  water  pipefi>  and  is  paid  for  by 
the  parties  requiring  the  work  done. 

The  cleaning  of  sewers  and  calch-basins  has,  as  in  years 
past,  required  constant  attention.  The  amount  of  this  work 
which  has  to  be  done  is  very  largely  dependent  upon  the 
weather,  and  upon  the  cleanliness  of  the  streets.  There  have 
been  many  heavy  rains  during  the  year,  and  on  this  account 
it  has  been  necessary  to  clean  the  catch-basins  frequently* 
This  has  not,  however,  been  excessive,  because  the  streets  and 
gutters,  especially  the  latter,  have  been  well  cleaned.  The 
advantage  and  consequent  saving  in  exx)enBe  of  removing 
refuse  from  the  streets  and  gutters  in  dry  condition,  rather 
than  allowing  it  to  be  washed  into  catch-basins  and  sewers. 
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previously  owned  by  the  city  has  been  in  nse  daring  the  entire 
season,  and  a  fourth  one  has  been  rented  from  the  Carson 
Trench  Machine  Company  since  September  1. 

Several  additions  to  the  shop  equipment  are  very  necessary, 
but  can  not  be  provided  until  more  room  is  available. 

A  pile-driver  has  been  built,  but  has  not  been  used  yet,  as  at 
several  places  where  it  was  at  first  intended  to  drive  piles 
other  methods  were  adopted.  This  machine  will,  however, 
prove  of  much  use  in  future  years,  as  there  are  many  places 
where  it  will  be  required. 

The  large  Rand  air-compressor  which  has  been  used  for 
nearly  fifteen  years  will  be  taken  from  the  purification  works, 
where  a  small  one  has  been  ordered  to  take  its  place,  and 
erected  at  the  power  station  to  furnish  compressed  air  for  the 
tunnel  work  in  Water  street.  It  is  doubtful  if  it  will  be  able 
to  furnish  sufficient  air  for  this  work  without  assistance  from 
another  machine,  and  if  it  runs  until  this  sewer  is  completed  it 
can  be  considered  to  have  served  its  usefulness,  and  should  be 
disposed  of,  as  it  would  be  hardly  worth  repairing  for  future 
use. 

Maintenance. 

This  branch  of  the  work  has  received  its  usual  attention. 
The  repairs  required  by  the  system  have  not  been  large  or  ex- 
pensive. Most  such  work  is  caused  by  laying  of  street  railway 
lines,  gas  mains,  conduits  and  water  pipes,  and  is  paid  for  by 
the  parties  requiring  the  work  done. 

The  cleaning  of  sewers  and  caich-basins  has,  as  in  years 
past,  required  constant  attention.  The  amount  of  this  work 
which  has  to  be  done  is  very  largely  dependent  upon  the 
weather,  and  upon  the  cleanliness  of  the  streets.  There  have 
been  many  heavy  rains  during  the  year,  and  on  this  account 
it  has  been  necessary  to  clean  the  catch-basins  frequently. 
This  has  not,  however,  been  excessive,  because  the  streets  and 
gutters,  especially  the  latter,  have  been  well  cleaned.  The 
advantage  and  consequent  saving  in  expense  of  removing 
refuse  from  the  streets  and  gutters  in  dry  condition,  rather, 
than  allowing  it  to  be  washed  into  catch-basins  and  sewers, 


1« 


li." 


lA  • 


-      :t» 


,j" 


^    .   ^      4 


v;;i  -♦- 


«      .1 


■      A* 


#»»•     ••*— » 


••  •«. 


r     ^ 


f   • 


•#      ,#     •   ' 


r  ''  ■•* -m    ..^'»    -♦-— s.    ••*!  12.  i***i'i  :nii^ 
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the  entire  year.  Nearly  all  of  thig  work  has  been  very  heavy, 
and  some  of  it  quite  difficult. 

The  various  intercepting  sewers,  as  laid  out  in  the  original 
plan,  converge  to  one  point  at  the  junction  of  Cambridge 
street  and  Quinsigamond  avenue.  From  this  point  the  sewage 
is  to  be  carried  inside  the  Millbrook  sewer  in  a  special  car- 
rier, which  is  to  connect  with  the  outfall  sewer  at  Quinsiga- 
mond Village. 

The  conduit  inside  Millbrook,  which  was  begun  in  1897, 
was  finished  during  the  early  part  of  1898.  The  Mill  brook 
sewer,  from  Cambridge  street  to  the  Blackstone  river,  is  eight- 
een feet  wide  and  thirteen  feet  high,  and  until  recently  re- 
ceived all  the  sewage  and  storm  water  of  the  sewer  system, 
as  well  as  the  drainage,  from  a  large  water-shed  in  the  north- 
em  part  of  the  city.  Inside  of  this  sewer,  and  about  one-third 
the  distance  from  the  west  wall,  a  partition  constructed  of 
brick  and  Portland  cement  was  built  about  five  feet  high,  and 
this  narrow  section  was  arched  from  the  partition  wall  to  the 
side  of  the  large  sewer.  In  this  new  structure  sewage  is  to 
flow  to  the  outfall  sewer,  while  the  rest  of  the  space  in  the 
large  sewer  will  be  for  storm  water,  which  will  be  discharged 
direct  into  the  Blackstone  river  at  Quinsigamond.  The  new 
conduit  has  a  capacity  of  about  50,000,000  gallons  per  twenty- 
four  hours. 

Upon  completion  of  this  conduit,  work  was  begun  upon  the 
three  interceptors  which  are  to  empty  into  it.  The  one  in  Mill- 
bury  street  is  a  round  sewer  48  inches  in  diameter,  and  will 
intercept  the  sewage  entering  Millbrook  from  the  eastern  por- 
tion of  the  city.  This  sewer  will  be  completed  nearly  to  Ver- 
non street  this  year. 

The  west  interceptor  will  be  completed  nearly  to  Green 
street  before  work  is  stopped  for  the  winter,  and  will  run 
through  Quinsigamond  avenue,  Lafayette,  Washington  and 
Bradley  streets.  In  Quinsigamond  avenue  the  sewer  is  48 
inches  in  diameter,  and  from  there  to  Green  street  it  has  a  32 
inch  by  48  inch  oval  section  with  the  large  end  down. 

In  Cambridge  street  the  surface  water  sewer  with  necessary 
connections  and  overflows  has  been  practically  completed  to 
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its  janction  with  the  old  sewer  at  Kansaa  street.  This  section 
required  special  treatment  because  of  the  very  limited  depth 
to  which  the  sewer  coald  be  placed.  On  this  account  a  very 
wide  flat  condnit  with  a  flat  top  was  substituted  for  the  nsnal 
ronnd  or  oval  shape.  This  condnit  was  constructed  of  Ameri- 
can Portland  cement  concrete,  and  in  the  roof  there  was  a 
layer  of  expanded  metal  to  strengthen  the  arch.  The  portion 
of  the  sewer  which  will  at  times  work  onder  considerable  head^ 
was  covered  with  I  beams  at  intervals  of  fonr  feet.  These 
beams  were  anchored  to  the  concrete  invert  so  that  there  will 
be  no  possibility  of  the  roof  of  the  sewer  being  lifted  by  the 
pressure  of  the  water.  From  Kansas  street  through  Cam- 
bridge, Washburn  and  Southbridge  streets  to  Hammond  street 
the  sanitary  sewers  which  have  been  ordered  can  be  built  dur- 
ing the  first  part  of  the  coming  year. 

The  work  of  completely  duplicating  the  sewer  system  of  the 
west  side  has  been  completed  as  far  north  as  Pleasant  street, 
and  the  catch-basins  have  been  connected  with  the  surface 
water  sewers,  which  discharge  directly  into  Beaver  brook. 

The  catch-basins  in  the  South  Worcester  district,  where  sur- 
face water  sewers  were  built  last  year,  have  been  connected  so 
that  the  surface  water  is  now  discharged  into  Stillwater  x>ond. 
The  work  done  in  this  district,  as  well  as  that  completed  on 
the  west  side,  has  become  of  immediate  use  upon  the  connec- 
tion of  the  catch-basins. 

It  is  very  necessary  to  prosecute  the  work  upon  the  east  and 
west  main  carriers  as  rapidly  as  possible,  so  that  the  work 
already  done  may  become  of  use,  and  also  relief  may  be  af- 
forded to  the  low-lying  districts  in  the  southern  and  eastern 
sections  of  the  city,  which  are  seriously  troubled  by  back 
water  from  the  present  sewers  in  time  of  severe  showers  and 
storms.  To  this  end  it  is  intended  to  push  the  work  in  tunnels 
in  Green  and  Water  streets  during  the  coming  winter. 

Purification. 

There  has  been  no  material  change  in  the  method  of  treating 
the  sewage  during  the  past  year.  The  very  heavy  and  frequent 
rains  have  rendered  the  work  more  difficult  than  during  years 
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of  normal  rainfall.    On  this  account  the  results  of  the  treat-  | 

ment  have  not  quite  reached  the  high  standard  of  1896  and 
1897.  They  have,  however,  been  very  good,  as  will  be  seen 
from  Table  IV,  which  gives  the  comparative  results  of  the 
treatment  from  year  to  year.  From  Table  V  the  comparative 
results  of  the  treatment  from  year  to  year  can  be  studied  by 
seasons.  It  will  be  seen  that  the  .high  water  of  the  latter 
part  of  the  year  had  its  effect  upon  the  work. 

The  results  of  analyses  of  the  sewage  and  effluent  can  be 
studied  by  months  from  Table  VI. 

As  in  previous  years,  frequent  analyses  have  been  made  of 
the  Blackstone  river  water  at  various  points  above  and  below 
the  discharge  of  the  effluent  at  the  purification  works.  The 
results  of  these  analyses  are  given  in  Table  Vn  and  Table 
Vlil,  from  which  it  will  be  seen  that  during  the  year  the  con- 
dition of  the  river  water  has  improved  below  the  purification 
works,  while  it  has  become  more  polluted  above  them.  This 
improvment  is  most  marked  at  Aldrich's  mills,  where  it 
reached  28.08  per  cent,  over  last  year  and  52.6  per  cent,  over 
1893.  For  the  summer  months  this  improvement  is  even  more 
noticeable,  having  run  as  high  as  37.04  per  cent,  over  last  year 
and  60.46  per  cent,  over  the  corresponding  months  of  the  year 
1893. 

During  the  year  an  average  of  17.7  million  gallons  of  sewage 
have  been  treated  daily,  and  for  this  treatment  1,073  pounds 
of  lime  have  been  used  per  million  gallons.  As  a  result  of  the 
treatment  50,473,177  gallons  of  sludge  have  been  removed  from 
the  settling  basins.  Something  over  20,000  two-horse  loads  of 
dry  sludge  have  been  hauled  on  to  the  adjacent  farms. 

Filter  Presses. 

During  the  year  the  filter  presses  have  been  put  in  operation, 
and  they  are  running  in  a  most  satisfactory  manner.  While 
it  is  expected  that  the  results  of  this  treatment  will  materially 
improve  in  the  near  future,  it  can  be  said  at  the  present  time 
that  the  presses  have  proved  more  efficient  than  was  expected 
when  the  order  was  placed  for  their  construction.  All  of  the 
sludge  is  being  pressed,  and  it  has  not  been  found  necessary 
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to  run  the  plant  all  of  the  time,  as  was  at  first  estimated.    In 

all  probability  this  work  can  be  done  in  two  60-honr  shifts  per 

week  during  a  greater  part  of  the  year.    In  early  fall,  when 
most  sludge  is  produced,  it  may  be  necessary  to  run  24  hours 

per  day  for  perhaps   two  months.    The  breakage  of  plates  and 

other  parts  of  the  presses  is  not  amounting  to  nearly  as  much 

as  was  anticipated,  and  if  there  is  no  material  increase  in  the 

future  the  breakage  will  be  but  nominal. 

In  the  early  spring  the  contract  was  let  to  Mr.  J.  Edward 

Fuller,  Jr.,  to  construct  a  brick  building  for  the  filter-pressing 

machinery.    This  building  was  completed  so  that  it  could  be 

used  in  the  early  fall,  and  is  the  most  substantial  building  and 

the  one  best  adapted  for  the  work  to  be  done  in  it  of  any  at 

the  purification  works. 


TABLE  IV. 
Per  Cent  Organic  Matter  Removed  from  Sewage, 


DBBCRIPTION. 


Total  amount  (by  evaporation), 
Amount  In  Buspenslon  (by  evaporation). 
Total  amount  (by  albuminoid  ammonia), 
Amount  in  suspension  (by  albuminoid  ammonia). 
Total  amount  (by  oxygen  consumed), 
Amount  in  suspension  (by  oxygen  consumed). 


18BS 

1884 

1886 

1886 

1897 

5a88 

48.86 

9ae7 

94.46 

48.49 

60.79 

61.63 

63.92 

68.02 

76.67 

89.64 

91.11 

98.02 

98.46 

38.66 

4&84 

64.36 

61.82 

62.00 

80.86 

81.06 

78.01 

1888 


61.82 
92.02 
4&89 


NoTi :  Although  the  determination  of  oxygen  consumed  has  been  made  throughout 
the  year,  it  is  not  considered  as  reliable  as  the  determinations  of  albuminoid  ammonia, 
because  of  larger  amounts  of  iron  present  in  the  sewage,  and  also  because  the  deter- 
mination itself  Is  by  no  means  as  satisfactory  as  that  for  albuminoid  ammonia. 
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TABLE  VI. 

Monthly  Averages  of  AfuUyeea  of  Sewage  and  Etjjluent 

[Parts  per  KJO,000.] 


DATE  OP  COLLECTION. 


Sewage,  December,  1887 

Effluent.        "  " 

Per  cent,  removed 

Sewage,  January,  1898. 

Effluent.       '•  "   

Per  cent,  removed. 

Sewage,  February,  1806 

Effluent.       "  

Per  cent,  removed 

Sewage,  March,  1888 

Effluent.       ••        •*    

Per  cent,  removed 

Sewage.  April,  1806. 

Effluent.     "       "   

Per  cent,  removed 

Sewage,  May,  ie08 

Effluent.    "       "    

Per  cent,  removed 

Sewage,  June,  1808. 

Effluent.     '•       **    

Per  cent,  removed 

Sewage.  July,  1898 

Effluent.    "       "      

Per  cent,  removed 

Sewage,  August.  1888 

Effluent.       ••  *  

Per  cent,  removed 

Sewage,  September,  1888 

Effluent,  "  "  

Per  cent,  removed 

Sewage.  October,  1888 

Effluent,       *'  " 

Per  cent,  removed 

Sewage,  November,  1888. 

Effluent.  "  *'   

Per  cent,  removed 

Sewage  for  year  ending  Dec.  1,  1888... 
Effluent     "       .       •• 

Per  cent,  removed 


AMMONIA. 


9 


.812 
.781 
0.28 

.682 
.666 
4.81 

.538 
.488 
7.50 

.486 
.387 
&86 

.670 
.624 
6.87 

.816 
.T70 
5.64 

1.238 
1.114 
10.08 

1.616 
1.416 
12.38 

.876 
.781 
10.85 

1.066 
.046 
11.66 

.868 
.803 
7.58 

.664 
.518 
7.88 


.851 
.775 
8.83 


ALBUMINOIO. 


O 


jam 

.188 
50.41 

.827 
.163 
6a  16 

.286 
.171 
40.21 

.278 
.142 
48.56 

.365 
.187 
46.08 

.442 

.228 
48.42 

.560 
.268 
52.14 

.734 
.318 
56.67 

.488 
.235 
51.84 

.543 
.240 
55.80 

.521 
.222 
57.40 

.384 
.166 
50.30 


.438 
.211 
51.82 


.186 
.156 
15.68 

.150 
.153 
8.77 

.141 
.162 
-14.88 

.148 
.138 
6.06 

.183 
.180 
-3.88 

.248 

.217 
10.70 

.268 
.252 
5.87 


.285 
25.38 

.238 

.218 
6.03 

.267 
.218 
17.88 

.254 
.188 
22.05 

.183 
.150 
17.68 


.221 
.185 
11.77 


'? 


.184 
.027 
86.83 

.168 
.010 
84.06 

.145 
.008 
83.78 

.ISO 
.008 
87.70 

.182 
.007 
86.14 

.188 
.011 
84.48 

.282 
.016 
86.72 

.352 
.033 
80.63 

.267 
.017 
83.40 

.276 
.021 
82.38 

.267 
.023 
81.38 

'.152 
.016 

88.48 


.217 
.016 
82.62 


OZTOBH 
CON8U1RD 


c 


t32 


4.76 

2.55 

46l43 

8.33 

1.88 

40.24 

2.75 

l.W 

42.81 

2.71 

1.40 

48.84 

ao8 

1.60 
45.30 

3.62 

1.84 

48.17 

8.84 

1.84 

58  30 

5.44 

2.88 

45.01 

5.07 

2.65 

47.73 

4.85 

2.08 

50.00 

4.60 

2.25 

51.08 

a»4 

1.85 
50.52 


4.03 

2.06 

4a88 


S 


2.77 
2.66 
7.94 

1.86 

1.88 

-6.88 

1.55 

1.57 

-1.28 

1.40 
1.40 

aoo 

1.66 
1.68 

1.84 
1.84 
0.00 

1.78 

1.84 

-2.78 

a56 

2.88 

15  78 

2.84 
2.65 

8.87 

2.35 
2.09 
8.64 

2.23 

2.25 

-0.80 

2.04 
1.85 
8.31 


2.17 
2.06 
6.07 


4.10 
4.10 

aoo 

S.8S 
3.82 

aoo 

8.47 
3.45 

a58 

3.37 
•a60 

4.07 

4.00 

-0.48 

4.41 
4.38 
a45 

6lU 

6l22 

-1.33 

7.63 

7.88 

-3.41 

5.68 

5.87 

-3.35 

6.10 

6.13 

-0.48 

5.13 
5.20 

3.00 

3.02 

-a67 


4.76 

4.81 

-1.05 


Note:  Monthly  averages  are  made  from  daily  analyses  of  sewage  and  effluent.  The 
dally  sewage  samples  consist  of  forty-eight  portions  taken  half-hourly.  Sewage  sam- 
ples are  taken  as  nearly  as  possible  in  proportion  to  the  amount  of  sewage  being  re- 
ceived at  the  time  of  sampling.  Effluent  samples  consist  of  twenty- four  portions  taken 
hourly. 
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To  the  Honorable  City  Council  of  the  City  of  Worcester: 

In  compliance  with  Section  21,  Chapter  34,  of  the  City  Ordi- 
nances, the  following  report  of  the  work  and  condition  of  the 
Sewer  Department  for  the  fiscal  year  of  1899  is  prepared. 

Respectfully  submitted, 

HARRISON  P.  EDDY, 

Superintendent  of  Sewers, 

Office  of  the  Sewer  Department,  December  15,  1899. 
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REPORT  OF  THE  SUPERINTENDENT  OF 

SEWERS. 


During  the  fiscal  year  of  1899  this  department  has  done  the 
largest  amount  of  work  accomplished  in  any  year  since  its 
organization.  The  winter  of  1898  and  1899  was  occupied  with 
tunnel  work  in  Green  and  Water  streets.  About  250  men  were 
employed  in  this  way.  Throughout  the  remainder  of  the  year 
about  550  men  have  been  on  the  department  rolls.  Many  of 
the  constructions  have  been  very  difficult,  and  most  of  the 
trenches  have  been  heavy.  Not  as  large  quantities  of  water 
have  been  encountered  as  during  1898,  which  possibly 
has  been  due  to  the  drought  which  lasted  throughout  the  en- 
tire vear. 

As  seen  from  Table  II  the  department  has  been  credited 
with  1604,191.30,  of  which  |538,013.32  have  been  expended. 

When  it  is  considered  that  all  work  is  done  by  day  labor 
and  none  by  contract,  it  will  be  understood  that  the  past  year 
has  been  a  very  busy  one. 

Over  twelve  miles  of  sewers  have  been  built,  and  may  be 
grouped  under  the  following  heads:  General  Construction,  Sep- 
arating System,  and  Trunk  Sewers  (both  systems),  each  being 
subdivided  into  sewers  and  surface-water  drains. 

General  CoxsTRrcTioN, 

Sewers 5.34  miles. 

Surface  water  drains 1.56     " 

Total   6.90     '' 
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SErARATING   SYSTEM. 

Sewers 4.23     *' 

Kurfaoe  water  drains 1.26     *' 

Total   5.49     - 

Trunk  Sewers. 

S<»werH 4.75     " 

Surface  water  drains 76     " 

Total    5.51     '' 

Total  extent  of  sewers 12.39     ** 

Total  number  of  manholes  built 426 

Total  number  of  catch-basins  built 166 

No  very  material  additions  have  been  made  to  the  machine 
e(]ui])ment.  Several  new  steam-drills  were  purchased  of  the 
Hand  Drill  Co.  of  New  York  for  the  tunnel  work,  and  thev 
hav«»  Imh»u  used  somewhat  on  open  cut  work,  especially  in 
Pleasant  stivet.  A  few  machines  have  been  bought  for  the 
shop,  but  they  have  not  yet  been  set  up  for  use.  All  of  the 
excavators  liav(»  been  in  use  throughout  the  year,  and  two  have 
been  hired  for  us(»  from  the  ("arson  Trench  Machine  CJo.  of 
HoHton.  All  the  engines  and  boilers  owned  have  been  almost 
constantly  in  use,  and  one  hoisting-engine  has  been  boriniwed 
from  tlu»  WatfM'  I)(»purtment  and  another  hired  from  a  con- 
tractor. 

T1h»  pile-driver  was  set  up  in  the  fall  and  will  run  until 
stopped  on  account  of  cold  weather.  There  will  be  considerable 
work  for  it  during  the  next  year,  if  the  work  progresses. 

The  leasing  of  the  jn'opei-ty  formerly  occupied  by  Darling 
Hrothers  has  been  of  great  assistance  in  providing  much  needed 
storage  8])ace.  The  city  has  the  option  to  buy  this  property, 
and  the  purchase  should  be  made  as  soon  as  possible.  The 
shop  has  be(*n  badly  crowded  during  the  busy  season,  much 
work  having  b(H»n  done  in  adjacent  buildings  and  in  the  ox>en 
air  at  great  disadvantage. 

The  work  done  at  the  shop,  including  the  light  trucking  done 
by  the  delivery  teams  owne<l  by  the  department,  has  amounted 
to  »38,638.30. 
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Mr.  John  E.  Taylor  has  had  charge  of  the  purchase  and  dis- 
tribution of  all  supplies,  and  Mr.  Harry  L.  Abbott  has  had 
charge  of  the  work  done  in  the  shop,  together  with  the  ac- 
counts, and  has  also  acted  as  assistant  to  Mr.  Taylor.  Mucli 
.  credit  is  due  both  for  the  satisfactory  service  rendered  bv  the 
supply  dei)artment.  From  Table  I  some  idea  can  be  formed 
of  the  amount  of  stock  which  has  been  required  for  the  work 
accomplished. 

Table  II. 

SUMMARY  OF  FINANCIAL  RESOURCES  FOR  1899. 


Milntenance. 


Balance  Dec.  1,  1898,      $3,162  18 
Appropriation,  15,500  00 

AsBeBsmentB,  

Revenue,  ,       2,139  67 


Construction. 


PuriQcatlon. 


Statutes  of 
1897. 


Total, 
Total  expended, 


I     18,373  67 


Balance  Dec.  1,  1899,  i     .^2,428  18 


$66  77 

56,600  00- 

20,042  31 

32,067  90 

8108,776  98 

108,763  90 

813  08 

813,543  19  I  8217,948  95 


70,000  OOt 


1,165  42 


170,000  00 


1,954  91 


884.708  61      8389.903  86 


84,694  98 


326,179  77 


813  63 


863,724  09 


•  $20,000  of  this  amount  from  license  money. 
t  130,000  of  this  amount  from  license  money. 

All  cement  has  been  received  in  bajifs.  The  Portland  cement 
was  received  in  cloth  sacks,  and  the  Rosendale  cement  in  pajier 
ba<rs.  The  c(*nient  has  been  taken  direct  from  the  cars  and 
hauled  by  the  department.  This  method  has  proved  verv  sat- 
isfactory, as  deliveries  have  been  under  complete  control,  and 
as  larf^e  a  stock  could  be  kept  on  hand  as  was  deemed  neces- 
sary to  i)r(n'ent  shortafre  in  case  of  failure  of  cars  to  arrive  on 
time,  or  of  failure  of  shippers  to  till  orders.  It  should  be  said 
in  this  connection,  however,  that  there  has  not  been  the  slight- 
est delay  in  the  receii)t  of  cement  or  lime  shipments,  both  of 
w  hich  contracts  have  been  held  bv  the  Smith-Green  Co.  of  this 
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briquettes  have  been  made,  and  as  many  of  them  as  have 
become  due  have  been  broken.  These  briquettes  have  been 
made  up  neat  and  with  various  amounts  of  standard  and  com- 
mon sand. 

Aside  from  special  lines  of  investigation,  the  samples  are 
tested  for  |)eriods  of  time  ranging  from  24  hours  to  3  years. 
All  samples  are  sifted  to  ascertain  the  degree  of  fineness  to 
which  the  cement  has  been  ground.  Hot-water  tests  are  ap- 
plied to  each  sample  as  soon  as  it  comes  to  the  laboratory  to 
furnish  quickly  any  indication  of  poor  quality.  The  24-hour 
neat  test  is,  however,  the  one  upon  which  the  order  is  issued 
to  unload  or  reject  a  car.  The  contract  does  not  recognize  this 
test,  everything  depending  ui)on  the  seven-day  test.  As  it  is 
very  inconvenient,  as  well  as  expensive,  to  keep  the  cars  stand- 
ing upon  the  track  a  full  week  before  unloading,  a  ratio  of 
the  24-hour  test  to  the  week  tests  is  determined  and  decision 
is  based  on  the  former  test,  and  generally  no  diflSculty  is  ex- 
perienced. In  all  cases  if  the  day  test  is  below  the  proper 
standard  the  week  test  is  correspondingly  low. 

The  general  practice  has  been  to  make  uj)  sets  of  five  bri- 
quettes for  each  test  of  every  sample,  and  the  average  of  the 
three  showing  the  highest  tests  is  taken  as  a  fair  representation 
of  the  cement  at  the  various  periods. 

Tests  are  made  up  from  every  sample  for  the  24-liour  and 
seven-day  periods,  and  in  perhaps  50  per  cent,  of  the  whole 
number  for  the  longer  intervals  up  to  three  years. 

In  the  process  of  making  bricjuettes,  the  cement  is  mixed 
with  water  to  form  a  mass  of  pasty  consistency,  which  when 
packed  into  the  moulds  with  a  wooden  tamper  becomes  quite 
moist  on  the  surface  from  the  pressing  out  of  the  slight  excess 
of  water. 

Twentv-four  hour  tests  ai'e  immersed  in  water  after  hard 
set,  while  thos^e  for  longer  periods  are  first  kept  for  one  day 
in  the  moist  closet. 

In  addition  to  the  mechanical  tests,  complete  chemical  anal- 
yses have  been  made  of  many  samples  of  the  cement.  These 
analyses  are  especially  valuable  in  finding  the  underburned  or 
diluted  cements,  which,  as  in  the  case  of  the  samples  of  Victor 
cement,  may  give  a  fairly  good  24-hour  test. 
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Besides  the  examination  of  cements,  the  inspection  of  brick, 
pipe  and  coal  is  also  included  in  the  work  of  this  division. 
The  testing  of  oil  will  also  be  included  during  the  coming 
year. 

Studies  on  various  questions  arising  in  the  work  of  the  de- 
partment are  made  from  time  to  time. 

All  accidents  are  reported  to  the  chemist  in  charge  of  this 
branch  of  the  work,  and  are  at  once  investigated,  and  any  pho- 
tographs of  interest  taken. 

In  July,  1895,  a  Ferguson  automatic  recording  rain-gauge 
was  placed  at  the  purification  works.  This  record  has  proved 
a  valuable  supplement  to  the  gauges  of  the  Water  Department, 
one  situated  at  I^icester  and  the  other  at  Holden.  As  all  the  local 
records  are  tabulated  in  terms  of  total  rainfall  per  day,  it  has 
seemed  desirable  to  increa?e  this  information  by  a  more  de- 
tailed tabulation  of  the  records  of  the  automatic  gauge.  This 
gauge  almost  invariably  shows  a  smaller  annual  precipitation 
than  is  reported  from  the  other  gauges  mentioned.  This  is  due 
to  the  fact  that  many  showers  pass  over  the  northern  and  west- 
ern watershed  which  do  not  reach  the  centre  of  the  citv,  and 
even  fewer  of  them  reach  the  purification  works.  Table  VI 
gives  the  usual  information,  and  Tables  VII  to  XI  inclusive 
are  calculated  from  the  graphic  records.  In  each  table  the 
second  column  gives  the  duration  of  the  storms,  not  infrequently 
lasting  more  than  24  hours.  From  a  study  of  the  various  col- 
umns of  these  tables  it  will  be  learned  of  what  little  value  a 
record  of  total  precipitation  is  in  forming  an  idea  of  the  in- 
tensity of  the  rainfall.  Even  the  figures  given  in  the  fourth 
column  furnish  little  information  upon  which  to  base  an  esti- 
mate of  the  maximum  precipitation  to  be  prepared  for.  In 
order  to  furnish  this  desirable  information  a  careful  study 
has  been  made  of  the  individual  record  sheets  to  determine 
the  maximum  intensity  of  precipitation  to  be  expected,  based 
upon  the  storms  occurring  between  July  15,  1895,  and  Dec. 
1,  1899.  The  standard  period  of  time  adopted  (20  minutes)  is, 
of  course,  wholly  arbitrary.  The  reason  for  its  adoption  was 
that  the  scales  to  which  the  records  were  j)lotted  were  so  small 
that  much  shorter  periods  would  depend  so  largely  upon  the 
judgment  of  the  party  reading  the  record  that  they  would  not 
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be  entirely  reliable,  and  that  with  showers  of  less  than  twenty 
minutes  duration  the  time  required  to  reach  the  sewers  and  to 
surcharge  them  would  be  out  of  proportion  to  the  length  of 
precipitation,  so  that  such  a  record  would  throw  very  little 
additional  light  upon  the  subject. 

This  reason  is  of  course  open  to  argument,  but  it  would  seem 
that  the  twenty-minute  period  was  the  most  practicable  one 
for  use.  The  results  of  this  study  are  given  in  the  fifth  col- 
umn of  each  table.  It  is  interesting  to  note  that  usually  there 
are  several  storms  annually  in  which  there  is  a  maximum  in- 
tensity of  from  one  inch  to  one  and  one-half  inches  per  hour 
for  at  least  one  twenty-minute  period;  that  there  are  a  few 
periods  in  which  the  intensity  runs  between  one  and  one-half 
inches  and  two  inches,  and  that  there  were  two  periods  in  the 
four  and  one-half  years  when  an  intensity  of  2.25  inches  was 

reached. 

In  addition  to  the  periods  of  maximum  precipitation  a  fur- 
ther selection  has  been  made  of  the  duration  of  periods  of 
greatest  precipitation  and  the  intensity  of  rainfall  during  these 
periods.  The  results  of  these  studies  appear  in  columns  six 
and  seven.  It  will  be  noticed  that,  except  in  cases  of  very  short 
showers,  the  intensity  throughout  these  periods  is  very  much 
reduced,  and  that  it  rarely  exceeds  one  inch,  and  that  when 
one-half  inch  is  exceeded  it  is  during  a  shower  of  less  than  one 
hour  total  duration,  with  three  exceptions,  namely,  August  31, 
1895,  November  14-15,  1805,  and  June  15,  1899. 

In  addition  to  the  various  tests  and  studies  made  for  this 
department,  numerous  analyses  have  been  made  for  other  de- 
partments. Most  noteworthy  among  these  are  the  analyses  of 
samples  of  water  frequently  undertaken  at  the  instance  of  the 
Water  Department. 

It  has  been  the  policy  since  the  beginning  of  the  more  diflB- 
cult  and  complicated  constructions,  necessitated  by  the  build- 
ing of  the  separating  system,  to  keep  a  photographic  record  of 
the  most  noteworthy  features  of  the  work.  A  few  of  these 
views  are  presented  with  this  report. 

All  of  the  work  accomplished  in  the  testing  division  has  been 
under  the  direction  of  the  chemist,  Mr.  Edward  L.  Smith,  to 
whom  especial  credit  is  due  for  the  large  amount  of  valuable 
information  furnished  by  his  department. 
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Table  IX. 

RAINFALL.  AT  THE  PURIFICATION  WORKS  DURING  THE  FISCAL  YEAR  OP  18W. 


—  — 

Total 

Precipitation 

in  Inches. 

u 

. 

M 

DURATION  OF  Storm. 

S3  a> 

Rate  per  Hou 
for  20  Minutes 
Maximum 
Precipitation 
inches. 

Period  op  Grkatbst 
Precipitation. 

0 

DATE. 

Rate  per : 
in  Inch 

i 

o 

1  ta 

Rate  per 
in  Inch 

• 
OB 

Li 

O 

X 

From 

From 

D^c-     1 

5.0 

7,00  P.M. 

.20 

.040 

.11 

:w^.    8 

12.3 

12.00  P.M.  Of  7th. 

1.04 

.084 

.26 

ao 

12.00  P.M.  of  7th. 

.06 

iVrO.     15 

10.0 

7.00  a.m. 

♦.27 

.027 

IV-C.   23 

♦40 

Jaa.     5 

.50 

Jaa.    17-18 

8.0 

10.20  P.M.  of  J7th. 

.42 

.052 

.15 

5.3 

11.00  P.M.  of  17th. 

.06 

Jia.   S-21 

17.0 

8.00  P.M.  Of  20th. 

+.82 

.048 

.21 

7.0 

3.20  A.M.  Of  21st. 

.10 

J  IE.  -r-as 

♦.70 

Fr-b.    7 

10.0 

11.20  P.M.  of  6th. 

.93 

.093 

.30 

7.0 

1.00  A.M. 

.IS 

Fffi.  12 

14.7 

9.30  A.M. 

♦.63 

.043 

.13 

F' 0.  I.V16 

13.0 

11.00  P.M.  of  15th. 

♦.12 

.092 

y-b.  -ji^-si 

5.5 

10.:«)  P.M.  of  20th. 

♦.18 

.024 

F*-t.    22-23 

10.7 

ia40  P.M.  of  22nd. 

+  81 

.076 

.24 

6.7 

10.40  P.M.  Of  22nd. 

.11 

Mir      1 

♦.08 

Mar.    2-3 

22.3 

7.40  P.M.  of  2nd. 

.54 

.024 

.30 

Mir.    5 

8.0 

12.40  P.M. 

.44) 

.050 

.21 

Mar.  10 

.06 

-M.r.  12 

3.0 

1.20  P.M. 

.30 

.100 

.27 

1.7 

1.40  P.M. 

16 

Mar.  14 

8.0 

9.40  A.M. 

♦.38 

.017 

.18 

.Mur.  IH 

.03 

M-r.  ail 

14.3 

1.40  A.M. 

.82 

.056 

.18 

6.7 

1.40  A.M. 

.10 

Mar   24 

16.3 

12.00  P.M.  Of  23rd. 

1.02 

.063 

.42 

5.0 

1.20  a.m. 

.11 

•Vpr.     .S 

S.7 

1.20  A.M. 

M 

.082 

.13 

1.0 

2.00  A.M. 

.08 

.\pr.     6 

.06 

.\;»r.     T  8 

14.0 

3.20  P.M.  Of  7th. 

.31 

.022 

.18 

4.7 

5.20  P.M.  of  7th. 

.04 

-\pr.     H-9 

257 

9.20  P.M.  Of  8th. 

1,37 

.053 

.45 

21.0 

10.00  P.M.  Of  8th. 

.06 

Apr.    15 

12.3 

4.2t)  A.M. 

.18 

.014 

.06 

5.0 

.^00  A.M. 

.02 

Apr.    17 

i.7 

8.00  A.M. 

.32 

.068 

.18 

2.3 

10.00  A  M. 

.10 

M.iy     2-3 

24.3 

7.40  A.M.  of  2nd. 

.86 

.035 

.51 

3.3 

8.00  A.M.  of  2nd. 

.18 

May     3-4 

5.3 

10.00  P.M.  of  3rd. 

.14 

.028 

.13 

4.3 

10.40  P.M.  of  3rd. 

.03 

May    10 

ao 

5.00  P.M. 

.30 

.100 

.27 

May    12 

5.0 

6.00  A.M. 

.30 

.060 

.21 

2.7 

6.20  a.m. 

.08 

Mav   13 

10.3 

a40  A.M. 

.83 

.051 

.42 

2.3 

4.00  P.M. 

.16 

-May  21 

8.0 

2.20  A.M. 

.12 

015 

May  21 

2.0 

4  20  P.M. 

.16 

.080 

.36 

Mav   2S 

4.3 

12.40  A.M. 

.72 

.167 

.51 

1.0 

1^*4U  A«M* 

.48 

May   '» 

.08 

May  30-31 

9.0 

10.20  P.M.  Of  30lh. 

.35 

.039 

.18 

3.0 

4.00  A.M.  of  31st. 

.10 

June    4 

.10 

June    J»-10 

25.0 

5.00  A  M.  Of  9th. 

1.30 

.052 

.30 

8.0 

12.00  M.  of  9th. 

.11 

June  10 

.18 

JuLf  13-14 

.46 

J-.ne  20-21 

21.0 

9.20  A.M. 

.:« 

.015 

.18 

3.0 

3  00  a.m.  of  21st. 

.09 

J:ne  30  31 

24.0 

10.00  A  M.  Of  30th. 

.H2 

.035 

.30 

5.0 

12.00  P.M.  of  :«)tb. 

.11 

.'.ly  13-14 

48.0 

lO.OO  A.M.  Of  13th. 

2..T6 

.05:1 

.90 

J-JiV   21 

I.O 

2.40  P.M. 

.24 

.240 

.54 

J'Jy  22 

10.0 

7.00  a.m. 

1.93 

.193 

.87 

7.7 

7  00  A.M. 

.24 

.lily  23 

4.7 

7.20  P.M. 

.17 

.(«6 

.33 

.7 

7.20  P.M. 

.18 

J.iy  24 

1.0 

11.40  A.M. 

.10 

.110 

.21 

Jiiy  25 

77 

4  00  P.M. 

.14 

.018 

.30 

July  211 

7.0 

2.00  a.m. 

1.35 

.193 

1.20 

3.0 

4.00  A.M. 

.36 

Aut',     5 

6.7 

3.40  A.M 

.65 

.197 

.36 

5.3 

3  40  A.M. 

.12 

A-.tf.     9 

7.3 

4.40  P  M. 

.28 

.aw 

.60 

4  40  P.M. 

.30 

A  J  jr.  11 

2.3 

8.40  a.m. 

.10 

.043 

.11 

Aujf.  15 

4.7 

a20P.M. 

.18 

.039 

.42 

.3 

3.20  P.M. 

.42 

A.*;.    l« 

2.3 

4.20  A.M. 

.34 

.148 

.33 

2.0 

4.20  a  M. 

.16 

A'jp.   17 

.(« 

A'. a.  IJ* 

.12 

AiK    22 

8.0 

4.20  P.M. 

.36 

.045 

.48 

17 

4.20  P.M. 

.19 

Aj>f.  24 

4.0 

8.20  A.M. 

.60     1 

.150     , 

.4*< 

2.7 

9.10  A.M. 

.21 

^pt.    2 

110 

4.20  A.M. 

.78 

.062 

.36 

3.7 

4.40  A.M. 

.14 

Npt.  20 

.10     1 

^♦•pt.  23-24 

13.7 

H.OO  P.M.  Of  23rd. 

.47 

.OCVI 

.21 

3.3 

8.0t)p.M.  of  23rd. 

.08 

^-pl.  2B 

6.40  P.M. 

..TO 

.4:10 

.8* 

.3 

6.40  P.M. 

.84 

(K.i.    11 

8.3 

11.4(»A.M. 

.ai 

.041     1 

.39 

1.3 

12.00  M. 

.23 

fkl.    12 

1.^0 

2.40  A.M. 

.:« 

.027 

.30 

7.7 

7.20  A.M. 

.04 

Nov.     1-2 

320 

3.00  P.M.  Of  ISt. 

2.60 

.081 

.42 

22.0 

5.10  p.m.  Of  1st. 

.11 

Nov.    9 

16.7 

3.40  A.M. 

.70 

.012 

.30 

12.3 

4  00  A  M. 

.05 

XoT.  11-12 

13.7 

8.20  P.M.  of  nth. 

1.38 

.101 

.24 

Nov.  15 

6.3 

6.00  P.M. 

.28 

.044 

.24 

Xov.  20 

♦.13 

Nov.  22 

♦.21 

Nov.  26-27 

.75 

Nov.  29 
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Table  X.— Continued. 

RAINFALL  AT  THE  PURIFICATION  WORKS  DURING  THE  FISCAL  YEAR  OF  181*8. 
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Construction. 

An  unusually  large  amount  of  work  has  been  done  in  tbe 
department  of  sewer  construction,  consisting  of  the  building 
of  6.9  miles  of  sewer. 

The  adoption  of  the  separate  system  of  sewers  made  neces- 
sary, in  future  construction,  the  building  of  two  sewers  in  every 
street,  one  for  sewage  and  the  other  for  surface  water.  With 
the  combined  system  one  large  pipe  received  both  sewage  and 
natural  drainage.  To  meet  the  needs  of  the  new  system,  the 
experiment  has  been  tried  of  laying  both  pipes  in  the  same 
trench,  one  enough  higher  than  the  other  to  admit  the  laying 
of  house  connections  under  it. 

By  this  method  the  two  pipes  are  laid  at  a  slightly  greater 
cost  for  excavating  than  one  pipe  should  be.  The  trench  being 
suflBciently  wide  is  carried  along  with  one  set  of  sheathing  and 
bracing,  when  a  second  set  would  be  necessary  if  two  trenches 
were  dug.  One  underdrain  suffices  for  both  sewers,  and  the 
street  is  torn  up  but  once  and  in  only  one  place.  The  only 
doubtful  factor  in  this  method  is  the  power  of  the  upper  pipe 
to  stand  the  unequal  pressure  due  to  settlement  of  the  loose 
material  over  the  lower  pipe.  The  trench  is  dug  at  full  width 
until  it  is  nearly  deep  enough  for  the  upi)er  pipe.  Then  a  nar- 
row trench  is  dug  on  one  side  of  the  main  trench  to  the  grade 
of  the  lower  pipe.  This  pipe  is  laid  as  usual,  and  the  back  fill- 
ing very  carefully  tamped  up  to  six  inches  or  a  foot  above  the 
upper  pipe.  From  this  point  up  the  trench  is  filled  and  tamped 
or  puddled  in  the  ordinary  manner. 

A  large  territory  has  been  accommodated  by  the  construction 
of  sewers  in  Winthrop  street,  Granite  street,  Wabash  avenue 
and  South  Stowell  street.  The  sewering  of  this  section  of  the 
city  has  been  agitated  for  nearly  ten  years. 

An  important  move  has  been  made  toward  the  sewering  of 
Greendale  by  the  construction  of  the  sewer  in  Grove  street  and 
West  Boylston  street,  a  distance  of  about  5,000  feet.  James 
Kerwan  has  been  the  foreman  in  charge  of  this  work. 

The  development  of  building  sites  in  the  vicinity  of  Pleas- 
ant street,  beyond  Newton  square,  has  made  the  sewering  of 
this  locality  a  necessit}'.    Although  this  is  a  newly  improved 
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district,  there  are  many  residences  along  the  line  which  can  be 
connected.  The  building  of  the  sewer  in  Pleasant  street  neces- 
sitated a  deep  excavation  through  ledge  opposite  the  old  cem- 
etery. This  work  occupied  a  long  time,  and  the  patrons  of  the 
street  railway  company  were  subjected  to  considerable  incon- 
venience on  account  of  having  to  change  cars.  They  were, 
however,  very  forbearing,  and  their  patience  was  duly  appreci- 
ated.   Thomas  Mulhern  was  foreman  in  charge  of  this  work. 

A  sewer  has  been  built  through  Crompton  and  Brussels 
streets,  and,  although  the  sewer  itself  is  small  and  of  no  par- 
ticular interest,  it  is  a  very  important  addition  to  the  system. 
It  is  now  possible  for  the  extensive  carpet  mills  of 
Mr.  M.  J.  Whittall  and  the  Worcester  Carpet  Co.  to 
discharge  their  sewage  into  the  sewer  instead  of  into 
the  river,  as  has  been  done  up  to  this  time.  The 
section  of  the  river  for  half  a  mile  below  these  mills  has  grad- 
ually become  a  nuisance  on  account  of  the  foul  odors  arising 
from  it  during  the  summer  months.  With  the  stopping  of  the 
discharge  of  the  sewage  into  its  waters  there  should  be  a 
marked  improvement  in  this  respect. 

The  sewer  in  Ballard  street  was  completed  during  the  winter 
and  affords  an  0{>portunity  for  the  sewerage  of  the  south  works 
of  the  American  Steel  &  Wire  Co.  This  was  an  expensive 
sewer  because  it  was  quite  deep  and  the  excavation  was 
through  rock  which  had  absolutely  no  cleavage,  and  for  that 
reason  was  verv  diflicult  to  work.  In  addition  to  this  the 
ground  was  full  of  water,  and  while  the  soil  was  such  that  a 
large  amount  of  water  did  not  drain  from  it,  there  was  enough 
to  make  the  work  very  tedious  and  uncomfortable. 

It  is  expected  that  no  untinished  work  will  be  left  over  until 
spring,  so  that  the  entire  income  of  the  new  year  may  be  de- 
voted to  work  ordered  during  that  time. 

This  branch  of  the  work  of  the  department  has  comprised 
the  building  of  5.34  miles  of  sewers,  1.56  miles  of  surface  water 
drains,  and  244  man-holes.  Only  1,241.2  feet  of  brick  sewer 
have  been  built. 

About  the  usual  number  of  house  connections  have  been 
made  during  the  3-ear.     Four  hundred  and  twenty-three  i>er- 
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mits  for  this  work  have  been  taken  out,  of  which  97  were  for 
surface  water,  9  for  repairs,  and  31  were  not  used. 

Following  is  a  brief  schedule  of  the  property  owned  by  the 
department: 

Personal  property,  147,436  62 

Hammond  street,  1,700  feet  of  land,  425  00 

East  Worcester  street,  building  and  machinery,  2,700  00 

Purification  works,  land  54,016  75 

Buildings  and  machinery,  32,925  00 


Total,  1137,503  37 

Tables  XII  and  XIII  give  in  detail  the  location  and  sizes 
of  the  various  sewers  constructed,  both  in  the  department  of 
construction  and  that  of  separation. 

The  buildings  at  the  purification  works  are  in  fairly  good 
condition.  At  East  Worcester  street  the  building  used  as  a 
shop  is  in  poor  condition,  little  repairing  having  been  done,  as 
it  was  expected  to  obtain  better  accommodations  in  the  nesir 
future.    All  tools  and  machinery  are  in  proper  condition. 

Separating  System. 

The  separating  system,  upon  which  a  large  amount  of  work 
has  bei.n  done  during  the  past  year,  is  fully  explained  in  the 
plan  filed  with  thtf  c<mrt  in  1897.  It  consists  of  one  main  in- 
terceptor for  sewage  inside  Millbrook  from  the  outfall  sewer 
to  Cambridge  street.  From  this  point  two  interceptors  parallel 
Millbrook  throughout  its  entire  length  with  the  necessary  reg- 
ulating apparatus  for  controlling  the  admission  of  surface 
water. 

Considerations  of  grade  have  also  necessitated  extensive 
changes  in  the  sewer  system  of  Cambridge,  Washburn,  South- 
bridge  and  Southgate  streets.  The  construction  of  the  main 
carrier  m  Millbrook  made  it  seem  wise  to  divert  the  surface 
water  of  South  Worcester  and  the  west  side  of  the  city  from 
the  existing  system  into  adjacent  water  courses. 

The  work  of  separation  has  been  progressing  continuously 
since  it  was  first  started  in  July,  1897,  and  during  the  i)ast 
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tabl£  xn. 

Record  of  Sewers  Constructed  during  the  Fiscal  Year  of  1899. 

SURFACE  WATER  SYSTEM- 


Stbeet. 


PleaHaot. 

BeechinK. 

Lenox, 
Noyen. 
A  new  Ktreet, 

Park  avenue. 

Sbawmut. 
Ru.sMell  court, 

Merrick. 

Elm. 

S<»ver, 

Pleasant. 

MaHK.  avenue, 

Rutland  terrace. 
Metcalf. 
Hl^bland. 
Havlland, 

Bigelow. 

Ellsworth, 

Sijfel. 

Commercial, 


Chelsea, 
Cheever. 
Meade. 

Institute  road. 
Agricultural, 

William, 

Somerset, 
Roxbury, 


Location. 


Beeching  westerly. 

Pleasant  northerly. 

Pleasant  northerly. 
Pleasant  southerly. 
Pleasant  southerly. 

Chandler  to  Hud.son  court. 

Russell  to  Merrick. 
Rus.sell  westerly. 

Pleasant  to  Elm. 

Merrick  to  Sever, 
Curve  into  Elm, 
Piedmont  to  West. 

Salisbury  southerly. 

[Salisbury  southerly, 
,Mass.    avenue   to  Rutland 
Germain  to  Haviland, 
I  Highland  northerly, 

Lafayette  to  Sigel. 

Bigelow  easterly, 

Bigelow  easterly. 

E^xcbange  southerly, 

Central 

Central  northerly, 

Thomas 

♦Crompton  to  Cheever, 

♦Chelsea  to  Woodward, 

Extension  to  Lamartine, 

West  westerly. 

Elm  northerly. 

Sever  to  Agricultural, 

William  to  Highland. 
William  to  Highland, 


^n  .   S., 

w.  s.. 
w.  s.. 


w.  s.. 


terrace. 

w.  s.. 


w.  s..i 

Tl  '    S.  , 


Size 
(inches). 


Length 
(feet).'^  '^ 


^  16  X  24 


\ 


18  oval 

15 

15 

12 

12 

12 

12 
24  X 
20  X 

12 

12 

46 
43*^x49 


36 
3U 


X 

^«x 


Private,, 


43S 

43 
12 
15 
18 
30 
12 
12 
12 
15 
12 
12 
12 
12 
12 
12 
12 
15 
12 
12 
12 
34x51 
20 
15 
12 
15 
12 
15 
12 


49 
4tf 


345.1 
767.5 
220.0 
449.5 
S22.9 
^4.6 

28.5 

26.9 
823.0 
429.0 
260.4 
3639 

4&6 
689.9 
291.1 

28.0 
731.4 
887.0 
438.5 
5659 
312.5 
274.5 

39.7 
22a4 
254.8 

30.5 

30.1 
275.6 
199.8 
287.9 
236l6 
250.1 
55.^0 
297.1 

86.8 
909.0 
27a  1 
299.9 
199  0 
377.5 
616.7 
426.9 
481.6 


2 
1 
1 

8 

3 
3 
4 


8 
2 

4 

2 
>> 

1 
4 

1 

1 

3 

2 

3 
o 

2 
4 
2 

• 
ft 

5 

5 


6 
6 


Cost.     I  Elstimaie 


fS.657  44    11.980  >X' 


3.921  33 


744  52i 


1,^02  78 


409  86 


980  06 


5,937  01 


Note.  -All  streets  marked  W.  S.  come  under  the  West  Side  orders  for  surface  and  sanitary 
sewers,  the  estimale  of  which  is  $105,400. 

NoTK.  -Costs  which  are  omitted  in  this  table  are  included  In  those  In  the  Uble  of  sanitary 
sewers  for  streets  of  the  same  name. 

♦Under  order  of  Crompton  and  Brussels. 
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Table  XIII. 
Record  of  Sewers  Constructed  during  the  Fiscal  Year  of  1899. 

SANITARY  SYSTEM. 


STREET. 

LOCATION. 

Size 
(inches). 

32  X  42 

Length 
(feel). 

1.537.1 

M.  H* 

Cost. 

Estimate 

Cambridffe. 

Quioslgamond  Ave.  to  Wa.shbum  St. 

6 

$30  (MO  38 

*2i».4,%  00 

Wasbburn, 

Cambridge  to  Soutbbridge, 

24  X  :«) 

l.iWJ.l 

4 

Southbridge, 

1  Washburn  to  Hammond. 

\         18 
)  24  X  30 

I   1.107.4 
I      681.6 

10 

Southgate.  northerly  in  E.  sidewalk. 

8 

1      NMI.2 

5 

\        »H 

,        28.1 

4 

22.o;u  2H 

41.  .360  00 

Hammoud. 

Soutbbridge  to  Canterbury, 

15 

/          8 

3:u  5 

49.0 

<*anterbury' 

.Hammond,  southerly. 

♦        12 

'l        10 

701  i^ 
208  6 

7 

Southgate, 

Soutbbridge  to  railroad, 

20 

■      340.1 

2 

Millbury, 

Sigel  to  Vernon  square. 

\        48 
1  32  X  12 

«V)8.8 
717.2 

» 
1 

33.6(M  34 

38,700  00 

Water 

Millbury  to  Ledge. 

40  X  54 

1.446.0 

3 

1   47,634  94» 

79.000  00 

Washington. 

'Between  Lafayette  and  Bradley, 

32  X  42 

h2:i2 

3 

1       ' 

1 

Bradley. 

Washington  to  Green. 

82x42 

532.4 

1 

Lafayette. 

Quinslgamond  Ave.,  westerly, 

8 

309.4 

3 

Lunelle. 

.Lafayette,  northerly. 

8 

314 

Langdon, 

.«               >. 

8 

326.  .-> 

4 

;   29.604  96 

34.331  00 

Lodi. 

>t               »> 

8 

!      207.0 

2 

G  rosvenor, 

..                •> 

8 

'        68.2 

2 

Meade. 

,          t»               .• 

8 

2W1.7 

3 

Seolt. 

.1                                            44 

8 

3,^"»0 

S 

Green» 

Bradley  to  Pond, 

32x42 

1      864.3 

4 

63.872  83 

40,000  00 

I^martine. 

Quinsigamond  Ave.  to  Lodi, 

♦  32  X  42 

)        10 

287.5 
732.6 

7 

.Sargent, 

,Lamartine  to  Southbridge. 

32  X  42 
i       15 

514.1 
979.1 

2 

12 

18.737  71 

28,7(M  00 

Gold, 

Sargent  to  Assonet, 

1        ^H 

24.0 
W»2.0 
731.5 
66.3  4 

Cooimercial, 

North  Foster  to  School. 

S  24  X  ») 
)       24 

7 

12.242  91 

25,510  00 

Bartlett  place. 

Extension  to  Franklin, 

12  (c) 

218  8 

3 

78-1  70 

330  00 

Rodney, 

Vinson,  southerly, 

10 

226.0 

2 

455  71 

485  00 

Fruit.                     1 

William,  southerly,                    W.  S. 

8 

162.1 

1 

957  98 

William,  northerly,                     W.  S. 

8 

360.0 

•> 

Institate  road, 

Boynton  to  West, 

8 

578.8 

5 

576  69 

780  00 

William, 

Sever,  easterly,                            W.  S. 

8 

7a4.0 

5 

I..560  61 

Orient, 

Extension  easterly. 

8 

24.').  9 

1,293  2i» 

600  00 

Pleasant, 

Russell  to  Merrick,                      W.  S. 

18 

2iM.8 

2 

6.631  82 

Merrick, 

Pleasant  to  Elm, 

18 

738.5 

4 

12,313  (M 

9,890  00 

Elm, 

Merrick  to  Sever. 

18 
\        1« 

28,3.1 
385  9 

2 
10 

Sever, 

Elm  to  Highland,                       W.  S. 

-         15 
1       12 
22x33 

748.2 
6W).5 

4:«).2 

SI 

7,513  87 

Pleasant, 

Cemetery,  westerly, 

15 

12 

1        10 

969.4 
980.5 
il87.5 

11.955  77 

8.420  00 

Beeching. 

Pleasant,  northerly. 

8 

962.4 

3 

3.624  92 

2.060  00 

Lenox. 

Pleasant,  northerly. 

8 

8M.6 

3 

1.762  75 

2.450  00 

Mass.  Ave.. 

Salisbury,  southerly. 

8 

797.3 

3 

2.911  .57 

1.400  00 

Rutland  terrace. 

Salisbury,  southerly. 

10 

559  6 

4 

2,618  57 

2.896  (X) 

Metcair. 

Mass.  Ave.  to  Rutland  terrace. 

8 

312.5 

2 

tW7  20 

{)aa  00 

•Crompton, 

Southgate  to  Brussels, 

15 

160.7 

3 

Brussels, 

Crompton,  southerly. 

15 
10 

409.:) 
3:i7.3 

6 

1.870  67 

3.3-»3  00 

Hadwen  road. 

June  to  Fiske, 

8 

361.1 

3 

2.051  38 

2,300  20 

Fiske. . 

Hadwen  roud,  southerly. 

8 

872.8 

5 

Endicott. 

Quinsigamond  to  Millbury, 

8 

1,125.8 

6 

725  45 

1,295  00 

Fruit. 

Pleasant,  northerly,                   W.  S. 

8 

187.9 

2 

2.57  80 

*Jaqae8  avenue, 

At  City  Hospital. 

12(c) 

.57.6 

^0 

i:i8  74 

rollege. 

Caro  to  Clay. 

12 

354.5 

9 

H«0  62 

1,140  00 

Clay. 

College,  southerly. 

8 

440.6 

3  i 

Winthrop, 

Extension  to  Granite, 

to 

1,091.5 

8 

Granite, 

Winthrop,  southeasterly, 

J        10 

J          8 

1,037.1 
216.8  1 

1 

10 

4.007  13 

5.554  00 
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Table  Xni.—Ckmtinued, 
Record  of  Sewers  Conatrueted  during  the  FiecaX  Year  of  1899, 

SANITARY  SYSTEBC 


STREET. 


Wabash  avenue. 

South  Stowell, 

Arlington, 

Vernon, 

^Plantation. 

Mars, 

Grove, 

West  Boylston. 

Lancaster  place. 

Stanton. 

Everard, 

Blake, 

Eastern  avenue, 

Muskeego. 

Ballard  avenue, 

Marie  avenue, 
WllUam. 
Somerset, 
Roxbury, 


LOCATION. 


Qranlte,  southerly. 
Granite,  northerly. 
Extension  southerly. 
Extension  southerly, 
Hamilton,  northerly, 
Louise  to  Esther, 
Extension  to  Chadwick  square. 
Grove,  northerly, 
Lancaster,  westerly, 
Vinson,  northerly, 
Vinson,  northerly, 
Fox  to  Columbia. 
Berkeley  to  Prospect. 
Shrewsbury,  southerly, 

Millbury,  southeasterly, 

Bumooat.  westerly. 
Sever  to  Agricultural, 
William  to  Highland  (private), 
William  to  Highland, 


Size 
(inches). 


8 

8 

8 

8 

18 

8 

18 

15 

8 

10 

8 

8 

8 

10 

18 

15 

10 

8 

8 

8 


Length 
(feet). 


443.0 
20a0 
254.3 
63Ql3 
162.4 
408.2 
2,483.7 
2,137.8 

ieo.9 

222.0 
100  2 
177.2 
206.8 
&87.0 
I.TTBlO 
171.5 
»77.1 
763.0 
899.1 
917.6 


M.  B..     Cost. 


2 
3 
2 
4 
2 
3 
17 
14 
2 
2 
2 
2 
3 
5 
18 

6 
5 
5 
6 


Estimate 


9601  69 
1,184  14 

423  42 
20.579  01 

205  90 
296  !)5 
212  48 
190  96 
626  63 
465  81 
14,109  66 

1.303  44 
2,630  59; 
1.999  14 
1,584  59 


QD 
640  01) 

480  00 
18,900  00 

'  210  00 
390  00 
176  00 
290  00 
8BO00 
1.040  00 
7,6n)00 

1,480  00 


*  Reconstructed. 

NOTK.— All  streets  marked  W.  S.  come  under  the  West  Side  orders  for  surface  and  sanitary 
sewers,  the  estimate  of  which  is  $106,400. 

year  an  average  of  about  300  men  has  been  employed  npon 
it.  This  does  not  include  the  force  engaged  in  the  construction 
of  the  filter  beds  at  the  purification  works. 

In  the  sections  of  the  city  where  the  separating  system  is  be- 
ing constructed,  it  has  been  necessary  to  change  many  house 
connections  from  the  old  sewers,  to  be  used  for  surface  water 
in  the  future^  to  the  new  ones.  In  such  cases  the  owners  of  the 
property  have  been  notified  that  the  change  was  necessary,  and 
that  if  they  desired,  the  department  would  do  the  work  free 
of  charge  to  them. 

In  a  few  of  these  cases  it  has  been  found  that  the  plumbing 
in  the  houses  was  too  low  to  be  connected  to  the  new  sewer,  and 
consequently  it  will  have  to  be  raised.  This  the  department 
has  not  undertaken  to  do,  and  has  served  notices  upon  the 
owners  accordingly. 

There  yet  remains  to  be  done  somewhat  more  than  can  be 
accomplished  in  one  year,  although  if  progress  is  not  delayed 
for  lack  of  funds  or  some  unforeseen  reason,  there  will  be  but 
little  to  be  completed  after  next  fall. 
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It  is  important  that  this  work  should  be  finished  without 
delay  for  several  reasons: 

First:  The  city  is  under  moral  obligations  to  proceed  in 
good  faith  and  as  rapidly  as  is  consistent  with  economy  and 
good  workmanship  on  account  of  its  report  to  the  Supreme 
Court. 

Second:  The  money  already  expended  is  doing  and  can  do 
practically  little  good  until  the  system  as  outlined  to  the  court 
is  complete  or  nearly  so. 

Third:  The  annual  expenditure  for  the  purification  of  the 
sewage,  while  by  no  means  without  beneficial  results,  is  not 
accomplishing  what  it  could  if  the  treatment  was  not  so  severe- 
ly handicapped  by  the  enormous  amount  of  clean  water  drawn 
from  North  and  Salisbury  ponds. 

Fourth:  It  would  seem  to  be  an  argument  of  no  little  im- 
portance that  the  streets  which  it  is  known  must  be  disturbed 
for  this  purpose  in  the  near  future  should  receive  attention  as 
soon  as  possible,  so  that  they  may  be  permanently  improved 
as  occasion  may  demand. 

Another  reason,  although  of  not  as  much  importance  as  those 
mentioned  above^  is  that  the  department  is  at  present  organ- 
ized for  the  large  amount  of  work  it  has  been  called  upon  to 
do  during  the  last  two  years.  If  the  work  of  separation  should 
be  delayed  for  one  year  it  would  be  necessary  either  to  carry 
the  present  organization,  at  considerable  expense,  or  cause  fur- 
ther delay  and  entail  additional  expense  of  reorganization. 

During  the  past  year  1326,179.77  has  been  expended  upon 
this  work,  leaving  a  balance  Dec.  1,  1899,  of  f  63,724,09,  which 
is  all  the  money  available,  the  entire  amount  authorized  by  the 
special  statute  of  1897  having  been  appropriated. 

It  should  be  mentioned  in  this  connection  that  (330^000, 
which  had  been  borrowed  previous  to  the  passajje  of  this  stat- 
ute, for  the  construction  of  the  outfall  sewer  and  the  purifica- 
tion works,  was  made,  by  virtue  of  this  act,  a  part  of  the  au- 
thorized loan  of  11,000,000,  so  that  the  actual  amount  of  money 
thus  far  expended  upon  the  separating  system  is  but  about 
f600,000,  including  the  construction  of  filter  beds  and  payment 
of  land  damages. 
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It  will  be  necessary  to  obtain  more  money  from  some  source, 
and  this  should  be  done  at  the  first  opportunity,  that  there 
may  be  no  delay  in  prosecuting  the  work. 

As  a  full  report  has  never  been  made  upon  the  progress  of 
this  work  it  seems  desirable  that  this  account  should  coTer 
everything  accomplished  from  the  beginning. 

Conduit  inside  Millbkook. 

Length,  3,G60  feet. 

Size  (see  Cut  B). 

Estimated  cost,  |45450.00. 

Cost,  143,875.80. 

Work  begun,  July,  1897. 

Work  finished,  April,  1898. 

Engineer  in  charge  of  electrical  and  mechanical  engineering, 
Robert  N.  Cundall. 

Foreman,  .Tames  Mulhern. 

The  trunk  sewer  in  Millbury  street,  between  Cambridge 
street  and  the  Blackstone  river,  a  distance  of  about  4,000  feet, 
is  built  of  stone,  and  is  18  feet  wide  and  13  feet  high.  The  arch 
has  a  four-foot  rise  and  springs  from  the  top  of  vertical  walls 
five  feet  high. 

The  invert  is  also  circular  and  of  the  same  dimensions  as 
the  arch.  This  sewer  was  designed  to  take  sewage  and  surface 
water  from  a  very  large  portion  of  the  city.  It  w^as  laid  through 
ledge  and  occupied  so  large  a  proportion  of  the  street  that  it 
was  deemed  im[)racticable  to  parallel  it  with  interceptors. 

Accordingly  a  conduit  was  designed  to  accommodate  the  flow 
of  sewage  inside  the  large  sewer,  a  sufficient  area  in  the  south- 
ern and  western  sections  of  the  city  being  resewered  to  dis- 
charge surface  water  directly  into  adjacent  water  courses  to 
make  room  in  Millbrook  for  the  new  construction. 

This  conduit  has  a  capacity  of  about  fifty  million  gallons  per 
twenty-four  hours,  and  extends  from  the  outfall  sewer  near- 
ly to  Cambridge  street,  a  distance  of  about  3,660  feet. 

For  obvious  reasons  it  was  not  practicable  to  remove  the  arch 
of  the  sewer  and  build  the  new  work  in  open  cut  as  in  ordinarv 


Light 


Strings. 


Interior      or       Mil  l  brook  , 

CUT  B, 
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grade  sufficient  to  allow  stock-cars  to  descend  by  gravity.  This 
incline  was  extended  through  the  centre  of  the  power-house 
to  the  rear  of  the  lot  where  the  brick  could  be  loaded.  Cement 
was  loaded  from  the  store-room,  and  sand  was  taken  into  the 
cars  through  a  chute  in  the  hopper,  into  whicB"  it  was  dumped 
from  the  street.  Coal  was  also  dumped  onto  an  incline  from 
the  street,  the  foot  of  which  came  nearly  to  the  boiler  door. 

Lighting. 

The  air  in  the  sewer  was  very  warm  and  impure,  and  proved 
to  be  rather  debilitating.  It  was  necessary,  therefore,  to  guard 
against  increasing  impurities  and  temperature.  For  that  rea- 
son the  use  of  steam  or  torches  was  avoided  and  electric  light 
and  power  were  used  entirely. 

A  potential  of  220  volts  was  fixed  upon  as  being  perfectly 
safe  in  case  bare  wires  were  taken  hold  of  by  the  men,  and  also 
as  not  requiring  an  extravagant  amount  of  copper  for  conduct- 
ors or  presenting  serious  difficulties  in  the  way  of  insulation. 
The  insulation  had  been  a  subject  of  some  misgiving,  as  the  air 
was  very  damp,  but  the  method  shown  in  Cut  B  proved  very 
efficient,  there  being  at  no  time  a  serious  leakage.  The  cur- 
rent was  taken  through  the  tunnel  from  the  switch-board  by 
two  well  insulated  mains,  which  were  attached  to  two  No.  00, 
hard-drawn,  bare,  copper  wire  or  ordinary  trolley  wires,  which 
extended  from  the  power-station  to  the  end  of  the  work  in  one 
direction.  These  bare  wires  were  fastened  to  the  arch  of  the 
sewer  by  clamp-hangers  secured  to  w^ooden  cleats,  which  were 
suspended  from  hooks  driven  into  the  masonry.  These  fixtures 
are  sliown  in  Cut  B.  These  hangers  were  put  in  once  in  fifty 
feet,  and  a  10-c.  p.  lamp  was  fastened  to  each  to  furnish  light 
for  the  boats  passing  up  and  down. 

The  work  was  lighted  bylG-C.  P.  lamps  attached,  one  in  every 
three  feet,  to  light  strings.  These  strings  were  thirty  feet  long, 
and  consisted  of  two  No.  14  insulated  wires  fastened  at  one  end 
to  a  board,  4x16  inches^  which  w^as  provided  with  a  fuse-box 
and  switch.  Tail  wires  extended  from  this  switch-board  to  the 
copper  mains,  to  which  they  were  attached  by  mechanical 
clamps.    These  light  strings  were  hung  on  hooks  driven  into 
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at  times  of  severe  storms  it  was  so  deep  that  it  submerged  all 
the  work  and  eoflfer  dam,  and  once  or  twiee  the  sewer  was  near- 
ly full.  Fsuallv  the^re  was  little  current,  and  the  cause  of  the 
depth  of  water  was  the  dam  at  the  lower  end  of  the  sewer 
which  backs  the  water  up,  thereby  forcing  it  through  the  out- 
fall sewer  to  the  purification  works. 

A  coffer-dam  was  erected  around  the  work,  which  kept  the 
water  out  almost  completely.  It  was  built  in  sections  6  feet 
high  and  IG  feet  long,  of  2-inch  tongued  and  grooved  spruce 
plank.  These  sections  were  suitably  cleated  with  6-incb  strips 
of  plank,  and  on  each  end  was  fastened  a  strip  of  2Jxi-incli 
iron,  which  had  bolt  holes  drilled  in  it.  On  the  bottom  of  each 
section  a  2x(5'inch  sill  was  fastened,  and  the  under  side  of  this 
had  a  wad  of  oakum  attached  and  was  protected  by  a  covering 
of  burlap. 

These  sections  were  placed  in  an  upright  position  upon  the 
properly  cleaned  invert  and  securely  fastened  by  means  of  lag- 
screws  to  posts,  wedged  tightly  between  invert  and  arch.  The 
sections  of  dam  were  bolted  to  each  other  through  the  iron 
strips  mentioned.  Diagonal  braces,  as  seen  in  Cut  D,  were 
driven  between  the  upright  posts  at  the  top  of  the  dam  and  the 
si)ringing  line  of  tlie  sewer  to  withstand  the  external  pressure 
of  the  water.  The  foot  of  each  post  was  also  securely  braced 
to  prevent  movement  due  to  pressure.  Bulkheads  were  placed 
at  each  end  of  the  enclosure.  (See  Cut  E.)  As  the  work  pro- 
gressed the  coffer-dams  were  taken  down,  carried  forward  and 
Iilaced  in  position  for  the  continuance  of  the  construction. 

All  work  d(me  upon  the  cotter-dams  had  to  be  done  between 
10  o'clock  Saturday  night  and  7  o'clock  Monday  morning,  and 
it  required  most  of  this  tinie  to  place  a  sufficient  amount  of 
coffer-dam  for  a  week's  work. 

PrMPING. 

For  pumping  the  large  amount  of  water  which  had  to  be  re- 
moved  from  the  cotter  dam  when  first  erected  and  after  over- 
flow caused  by  storms,  a  four-inch  centrifugal  pump  w^as  pro- 
vided. It  was  i)laced  in  a  scow  and  belted  direct  to  a  10-H.  P. 
mining  motor  of  enclosed  type  made  bv  the  Cfcneral  Electric 
Co. 
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The  power  was  obtained  from  the  copper  mains  by  temporary 
connection  of  flexible  cables.  With  this  apparatus  the  water 
was  quickly  pumped,  and  the  whole  was  easily  moved  ahead 
as  progress  required. 

Construction. 

After  all  preliminary  work  had  been  done,  the  construction 
of  the  conduit  was  a  comparatively  simple  operation.  The  in- 
vert was  cut  out  just  enough  to  form  a  level  footing  for  the  side 
wall,  then  anchor-irons  were  placed  in  position  and  fastened, 
and  the  side  wall  and  arch  were  built.  Eight  inches  from  the 
inside  face  of  the  wall  a  2-inch  core  of  cement  mortar  was  laid, 
and  this  was  carried  through  the  arch  without  break.  This 
was  to  insure  as  nearly  water-tight  work  as  possible.  The 
outside  of  the  conduit  was  plastered  with  cement  mortar  and 
left  smooth.  Connections  through  the  original  sewer  on  this 
side  were  taken  into  the  conduit  through  its  arch  as  seen  in 
Cut  F,  as  they  almost  invariably  entered  above  it. 

The  side  wall  was  2  feet  4  inches  thick  at  the  bottom  and  1 
foot  6  inches  at  the  top.  It  was  4  feet  3  inches  high.  The  arch 
was  about  14  inches  thick^  including  core,  as  shown  in  sketch 
Cot  B. 

On  this  work  about  1,300,000  hard-burned,  water-struck  brick 
and  about  10,000  barrels  of  Atlas  American  Portland  cement 
were  used. 

Manholes  were  set  in  the  arch  at  frequent  intervals  to  facili- 
tate cleaning  and  inspection. 

Under  the  best  of  conditions  a  progress  of  thirty-two  feet  per 
day  was  made,  but  the  delays  were  frequent  and  at  times  of 
considerable  length,  so  that  about  seven  months'  time  was  oc- 
cupied in  the  construction  of  this  conduit. 

Syphons — Quinsigamond  Avenue  at  Cambridge  Street. 

Length,  256  feet. 

Average  depth,  21.5  feet. 

Size^  three  30-inch  cast-iron  pipes  in  each  syphon. 

Estimated  cost,  |39,512.00. 

Cost,  132,171.93. 


48  PUBLIC  DOCUMENT — NO.  XII. 

Work  bejjun,  July,  1898. 

Work  finiHlied,  February,  1899. 

Foreman .  James  Mulhern. 

The  eonnectiim  of  the  east  and  wes«t  interceptors  with  the 
Millbrook  conduit  was  somewhat  complicated  by  the  fact  that 
the  interceptors  were  of  necessity  kept  so  low  that  it  was  im- 
possible for  them  to  be  carried  over  the  existing  sewers  at 
Cambridp:e  street.  As  the  conduit  was  on  the  west  side  of 
Milll)rook  it  was  necessary  for  the  east  interceptor  to  pass 
under  Millbrook  before  connecting.  To  accomplish  this  a 
syj)hon  was  built,  the  depression  of  grade  being  about  six  feet. 
A  main  collecting  chamber  was  built  on  the  west  side  of  Mill- 
brook at  a  convenient  point  for  connection  with  the  new  con- 
duit; from  this  three  cast-iron  pipe  syphons  were  laid  under 
Millbrook,  as  shown  in  Cut  G,  and  connected  with  the  gate 
chamber  about  10  feet  by  11.5  feet  into  wiiich  the  east  inter- 
cejjtor  discharges.  These  syphons  are  thirty  inches  in  diam- 
eter, and  consist  of  ordinary  light-weight  water-pipe  laid  in 
Poitland  cement  concrete.  Each  pipe  was  provided  with  gates 
at  both  ends,  as  well  as  a  manhole  for  inspection  and  repairs. 
The  syi)hon  is  about  fifty  feet  long. 

The  syphon  connecting  the  collecting  chamber  with  the  west 
interceptor  is  of  i>ractically  the  same  construction,  and  is  about 
206  feet  long.  This  syphon  passes  under  the  old  sewers  for 
Quinsigamond  avenue  and  Cambridge  street,  which  enter  Mill- 
brook practically  at  the  bottom  of  its  invert. 

The  gate  and  collecting  chambers  were  built  entirely  of 
Portland  cement  concrete,  with  roofs  of  I-beams  and  concrete 
arc-lies.  Considerable  w  ater  was  encountered  during  this  work, 
and  w'as  handled  by  means  of  a  6-inch  centrifugal  pump. 

West  Interceptor — Section  in  Quinsigamond  Avenue. 

Length,  2,440  feet. 

Average  depth,  12.5  feet. 

Size,  round;  48  inches  in  diameter. 

Estimated  cost,  |32,500.00. 

(V)st,  129,792.71. 

Work  begun,  April,  1808. 

Work  finished,  September,  1898. 
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Foremen,  James  Mulhern,  April  to  July;  Timothy  Connor, 
July  to  September. 

The  district  through  which  this  section  of  the  west  intercep- 
tor was  constructed  is  very  low  and  the  ground  was  full  of 
water.  The  excavation  was  largely  in  sand,  which  was  fine 
enough  to  run  when  the  water  level  was  reached,  although  it 
could  hardly  be  called  quicksand. 

A  section  of  peat  was  found  near  Endicott  street,  which  ex- 
tended considerably  below  grade.  Where  it  was  not  more 
than  ten  feet  below  grade,  it  was  removed  and  the  trench  re- 
filled to  grade  with  good  material  well  puddled  and  tamped. 
For  a  short  distance  the  peat  was  too  deep  to  remove  and  a 
timber  platform  was  constructed  of  4xl2-inch  spruce  timber 
well  tree-nailed,  and  upon  this  the  sewer  was  constructed  as 
usual,  except  that  a  somewhat  thicker  foundation  of  concrete 
was  used.  In  building  the  invert  of  this  sewer  the  trench  was 
filled  with  Portland  cement  concrete  to  a  subgrade  four  inches 
below  the  finished  water  line.  The  sides  were  then  carried  up 
to  about  five  inches  above  the  springing  line  of  the  arch,  form- 
ing the  invert  of  proper  shape,  and  allowing  for  a  single  course 
of  brick  lining.  The  outside  of  the  concrete  extended  to  the 
sheathing-plank,  these  being  plumb  instead  of  following  the  cur- 
vature of  the  inside.  After  the  concrete  had  become  hard,  the 
brick  lining  was  put  in.  This  consisted  of  a  single  ring  of  hard- 
burned,  water-struck  brick  laid  in  Portland  cement.  The  arch 
was  two  course- work  of  the  same  materials  as  had  been  used 
in  the  invert,  and  was  plastered  on  the  outside  with  Portland 
cement  mortar.  After  the  centres  were  drawn,  the  work  was 
properly  scraped  and  cleaned,  after  which  it  was  washed  with 
two  coats  of  neat  Portland  cement. 

This  method  of  construction  has  been  followed  on  all  work 
done  on  the  intercepting  system. 

The  water  was  carried  in  the  underdrain  to  a  pumi)-well, 
from  which  it  was  pumped  by  a  G-inch  centrifugal  pump. 

West  Interceptor — Section  in  Lafayette,  Washington 

AND  Bradley  Streets. 

Length,  2,638  feet. 
Average  depth,  15  feet. 
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H\7^,  32x42  inches. 

Estimated  C08t,  |34,331.00. 

CoHt,  |21),604.96. 

Work  be^un,  September,  1898. 

Work  finiHhed,  November,  1899. 

Foremen,  Timothy  Connor,  on  interceptor;  Frederick  C.  Dear- 
born, William  C  Hhute  and  Thomas  C.  Davis,  on  connections 
and  changes  in  side  streets. 

The  continuation  of  the  west  interceptor  from  Qninsigamond 
avenue  followed  immediately  the  completion  of  the  section  in 
that  street.  The  material  excavated  was  largely  sand  in  La- 
fayette street  and  hardpan  in  Washington  and  Bradley  streets. 
Home  ledge  was  excavated  in  Lafayette  and  Washington 
HtrcK'ts.  New  sewers  were  constructed  in  Lunelle,  Langdon, 
Ivodi,  Orosvenor,  Meade  and  Scott  streets,  and  the  old  sewers 
wcfre  left  as  a  part  of  the  surface  water  system.  This  necessi- 
tated changing  all  the  house  connections  from  the  old  sewers 
into  the  new  ones.  Surface  water  drains  were  constructed  in 
Higelow,  Kigel  and  Ellsworth  streets,  and  the  old  sewers  were 
connected  with  the  interceptor.  Little  difficulty  was  caused 
by  the  ground  water  in  this  section. 


West  Interoeptor — Section  in  Green  Street  from 

Bradley  Street  to  Tunnel. 

Length,  180.3  feet. 

Average  depth,  18  feet. 

Size,  32x42  inches. 

Estimated  cost,  ?40,0()0.00  (complete  from  Bradley  to  Frank- 
lin street.) 

Cost,  13,268.57. 

Work  begun,  June,  1899. 

Work  finished,  September,  1899. 

Foreman,  Timothy  Connor. 

This  section  of  tlie  interceptor  was  built  of  the  same  material 
and  in  the  same  way  as  those  already  described.  The  material 
excavated  was  hardpan,  and    little   trouble    was  caused  bv 
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ground  water.    At  the  end  of  this*  sM^i'tion  the  sewer  was  con- 
nected with  that  bo  lit  in  the  tnnnt-l  durin*;  th«^  winter. 

West  Ixtekceptok — Section  Tr^NELED  ix  Green  Street, 

South  op  Harrison  Street. 

length,  434  feet. 

Average  depth,  2:5  fet*t. 

Size,  32x42  inches. 

Estimated  cost,  f40J)^)4)J)4>  Homplete  fmm  Bradlev  stn?et  to 
Franklin  street). 

Cost,  fl  1,371.46. 

Work  begun,  December,  ls!>8. 

Work  finished,  April,  1890. 

Foremen,  James  Kerwan.  dav  shift;  Timothy  Connor,  night 
shift. 

The  grade  of  the  interrefjtor  throngh  this  si^rtion  was  so 
deep  that  it  was  considered  advisable  to  pn><*eed  by  tunneling. 
Tlie  street  is  very  narrow,  and  the  o|>en  trenrh  method  could 
not  be  used  without  causing  s**rions  inronvenienre  to  the  pub- 
lic. A  shaft  8  feet  bv  lt>  fet't  was  sunk  at  the  corner  of  Harri- 
son  street,  and  headings  were  started  from  esicli  end  at  it.  As 
the  matenal  was  hard  pan,  polling  boards  were  us^hI  on  roof 
and  sides.  The  earth  was  very  compact  and  the  excavation 
was  generally  kept  about  three  f<^*t  ahead  of  the  timbering, 
which  consisted  of  the  usual  cap  pieces  and  legs  2.5  feet  apart, 
as  shown  in  Cut  H.  The  roof  plank  were  laid  level  fn>m  tim- 
ber to  timber  after  excavation  was  complete,  and  the  sides 
were  protected  by  plank  laid  horizontally  from  leg  to  leg.  For 
a  part  of  the  distance  the  south  heading  ran  through  a  loose 
gravel.  In  this  material  it  was  necessary  to  drive  the  roof 
and  side  plank  slightly  ahead  of  the  work  to  prevent  removing 
more  gravel  than  was  ne<*essary.  This  method  is  illustrated  by 
Cut  I. 

The  north  heading  ran  into  a  very  wet  mixture  of  coai'se 
sand  and  clay,  underneath  which,  at  about  grade  of  cut,  was  a 
stratum  of  extremely  tine  siind,  which  took  on  a  semi-fluid  con- 
dition as  soon  as  it  was  walked  upon,  or  disturbed  in  any 
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other  similar  way.  As  soon  as  this  material  was  discoyered, 
further  tunneling  in  this  direction  was  abandoned  and  the  work 
confined  to  the  south  heading. 

Electric-light  wires  were  run  into  this  tunnel,  and  the  head- 
ing was  lighted  by  incandescent  lamps.  An  electric  motor  car 
was  used  to  carry  the  stock  from  the  shaft  to  the  point  of  use. 
The  method  of  lighting  and  transportation  is  more  fully  treated 
in  the  description  of  the  power-station  on  Water  street. 

Compressed  air  was  used  on  this  section  only  for  pumping 
water.  The  exhaust  air  from  the  pump  was  taken  to  the  head- 
ing to  furnish  fresh  air,  as  there  was  practically  no  ventilation 
through  the  ground. 

Ground  water  did  not  prove  to  be  a  serious  trouble  in  this 
tunnel,  although  it  was  necessary  to  underdrain  the  work. 

The  methods  and  materials  of  construction  were  the  same  as 
described  in  the  previous  work. 

Special  cave  was  taken  to  pack  the  back  filling  so  that  future 
settlement  would  be  reduced  to  a  minimum.  The  concrete  of 
the  invert  was  extended  to  the  timbering  on  the  sides,  but 
Rosendale  cement  was  used  beyond  the  required  thickness  of 
the  sewer.  Cut  I  shows  masonry  as  laid  in  tunnel,  as  well  as 
the  method  of  bracing  used. 

West  Interceptor — Section  in  Green  Street  between 

Harrison  and  Pond  Streets. 

Length,  250  feet. 

Average  depth,  25  feet. 

Size,  32x42  inches. 

Estimated  cost,  $40,000,00  (complete  from  Bradley  to  Frank- 
lin street). 

Cost,  $6,577.92. 

Work  begun,  July,  1899. 

Work  finished,  October,  1899. 

Foreman,  Hugh  Montgomery. 

This  section  of  the  interceptor  was  constructed  in  open  cut 
because  of  the  difficulty  experienced  in  drifting,  as  explained 
in  connection  with  the  description  of  the  north  heading  of  the 
tunnel  started  at  Harrison  street.    The  ground  water  did  not 
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cause  very  serious  trouble  of  itself,  but  was  sufficient  to  make 
the  excavation  in  the  quicksand  very  difficult.  The  quicksand 
was  very  fine,  and  was  within  ten  feet  of  the  surface  of  the 
ground.  Tongue  and  groove  sheathing  was  driven  considera- 
bly below  grade  by  a  steam  plank-driver,  made  by  the  Ingersoll 
Sergeant  Drill  Co.  Progress  was  extremely  slow%  as  it  was 
not  possible  to  work  in  the  sand  more  than  a  few  minutes  at 
a  time  before  the  material  became  so  soft  that  further  work 
had  to  be  abandoned  until  it  had  become  hard  again.  The 
trench  was  opened  in  short  sections,  but  the  excavation  proved 
so  expensive  that  open  cutting  was  abandoned,  and  the  pneu- 
matic tunnel  described  later  was  extended  south  to  the  end  of 
this  trench. 

Tunnel  Through  Quicksand— Green  Street. 

Location:  Green  street,  from  Pond  street  to  Franklin  street, 
thence  through  Bartlett  place  and  Cherry  street  nearly  to 
Vine  street. 

Average  depth,  27  feet. 

Length,  1,480  feet. 

Size:  Diameter  of  drift,  6  feet  IJ  inches;  diameter  of  inside 
safety  lining,  4  feet  10  inches;  dimensions  of  finished  sewer, 
32x42  inches. 

Estimated  cost,  140,000.00  (complete  from  Bradley  street  to 
Franklin  street). 

Cost,  140,696.94. 

Work  begun,  March,  1899. 

Drifting  finished,  November,  1899.  (Over  1,100  feet  of  lining 
to  be  put  in.) 

Constructing  engineer  in  charge  of  w^ork,  Charles  C.  Lovejoy. 

Engineer  in  charge  of  electrical  engineering,  Kobert  N.  Cun- 
dall. 

Foreman  on  day  shift,  James  Mulhern. 

Foreman  on  night  shift,  John  Diamond. 

When  it  was  learned  that  the  material  in  Green  street  was 
unfit  for  tunneling  by  ordinary  means,  studies  were  at  once 
begun  to  determine  the  best  method  of  excavating  to  be  applied 
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to  it.  Borings  were  made  in  order  to  ascertain  the  extent  of  the 
bed  of  quicksand  through  which  the  east  and  west  interceptors 
must  be  constructed.  This  was  done  bv  the  ordinary  artesian 
well-driving  apparatus,  6-inch  casing  pipe  being  used  and  pulled 
up  as  soon  as  the  necessary  samples  had  been  taken.  A  num- 
ber of  wash  borings  were  also  made  by  the  Engineering  Depart- 
ment in  connection  with  its  studies  on  the  grade  crossing  prob- 
lem. In  this  wav  the  kind  of  material  to  be  met  in  the  con- 
struction  of  the  interceptors  has  been  ascertained  over  nearly 
the  entire  distance  to  be  traversed. 

It  was  found  that  the  bed  of  quicksand  in  the  vicinity  of  Green 
street  extended  from  Pond  street,  through  Green  street,  across 
Franklin  street,  through  Bartlett  place  and  Cherry  street,  to 
within  about  fifty  feet  of  Warren  street,  and  that  it  extends 
to  great  depth,  in  some  places  sixty  feet  of  pipe  not  reaching 
any  other  kind  of  material.  Along  this  route  there  are  a  num- 
ber of  brick  blocks  which  would  not  be  more  than  twelve  or 
fourteen  feet  from  the  trench  in  case  of  open  cut,  and  it  would 
be  very  difficult  to  open  cut  across  the  railroad  crossing.  It 
should  also  be  observed  that  Green  street  is  a  very  busy  street 
with  the  double  tracks  of  the  street  railway,  over  w^hicli  cars 
pass  once  in  about  three  minutes,  and  there  is  no  parallf-1  street 
through  which  this  traffic  could  be  conveniently  turned. 

For  these  reasons  it  was  decided  to  construct  the  interceptor 
through  this  section  in  tunnel,  driving  the  headings  with  assist- 
ance of  air  pressure. 

This  method  of  tunneling  was  entirely  new  to  the  empIoytMJs 
of  this  department,  and  taking  into  consideration  the  danger 
encountered,  not  only  to  buildings  in  the  vicinity,  but  to  the 
lives  of  the  men  working  in  the  tunnel,  it  was  deemed  wise  to 
procure  the  services  of  a  competent  man  who  had  had  experi- 
ence in  pressure  work,  to  superintend  the  driving  of  this  tunnel. 
For  this  position  the  department  was  fortunate  in  securing 
Mr.  Charles  C.  Lovejoj^,  of  New  York,  who  has  had  a  long  and 
varied  experience  in  this  class  of  work.  Mr.  Lovejoy  began 
work  March  10,  1899,  and  finished  the  11th  of  November, 
the  tunnel  having  been  completed  with  the  exception  of  the 
final  brick  lining,  which  will  be  put  in  during  the  winter. 
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Caisson,  Air-locks  and  Regulating- valves. 

A  caisson  was  sunk  on  the  line  of  the  tunnel  at  the  corner 
of  Temple  and  Green  streets,  which  served  as  a  working  cham- 
ber from  which  the  tunnel  drifts  were  started,  and  into  and 
out  of  which  all  materials  were  taken  through  the  air-locks. 
The  caisson,  which  was  8  feet  wide,  16  feet  long  and  7  feet 
high,  was  constructed  on  the  surface  of  the  ground  and  was 
lowered  into  position  by  digging  from  under  the  cutting  edge 
from  the  inside  and  weighting  it  down  with  pig-iron  to  over- 
come friction  and  air  pressure.  It  was  built  of  two  thicknes6;es 
of  8x8-inch  spruce  timbers,  one  course  running  horizontally  and 
the  other  vertically.  These  timbers  were  securely  bolted  and 
drifted  together  and  calked  by  professional  ship  calkers.  The 
bottom  of  the  timbers  on  the  sides  were  cut  on  a  bevel  on  tne 
inside  so  as  to  form  a  cutting  edge.  The  deck  timbers,  of  same 
thickness  and  dimensions  as  the  side  timbers,  were  supported 
by  the  sides  and  also  by  two  trusses,  as  shown  in  Figure  J. 
The  inside  of  the  entire  caisson  was  mopped  with  tar  after  it 
had  been  calked.  The  caisson  was  lowered  until  the  ground 
water  was  reached  without  the  aid  of  air.  Then  a  slight  pres- 
sure w^as  applied  to  drive  the  water  out  of  the  sand,  and  this 
was  gradually  increased  until  the  caisson  had  reached  its 
proper  grade,  when  the  bottom  was  filled  with  concrete.  Cut 
K  shows  working  chamber  of  caisson. 

Two  air-locks  were  attached  to  the  deck  of  the  caisson,  one 
for  the  use  of  the  men^  and  the  other  for  the  passage  of  stock 
and  dirt  excavated. 

The  bucket-lock  was  3  feet  in  diameter  at  the  top,  and  3  feet 
4  inches  in  diameter  at  the  bottom.  Sketch  J  shows  a  cylin- 
drical lock  3  feet  2  inches  in  diameter,  instead  of  the  tapering 
lock  used.  It  was  20  feet  10  inches  long,  and  was  made  of 
^-inch  boiler  plate  with  butted  joints.  The  heads  were  of  ^-inch 
plate,  stiffened  by  angle  irons.  The  lower  head  was  hinged 
at  one  point  on  its  perimeter,  and  closed  by  the  attendants  by 
the  aid  of  a  rope  passing  over  a  shieve. 

The  upper  cover  was  fastened  down  by  eight  hand  screws,  as 
shown  in  the  sketch,  and  was  lifted  out  of  position  by  a  link 
in  the  hoisting-rope,  which  passed  through  a  stuffing-box  at- 
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tached  to  the  cover.  The  cover  was  in  this  waj  carried  away 
from  the  lock  with  the  bucket,  and  when  the  bucket  was  low- 
ered into  the  lock  the  cover  was  lowered  into  place,  the  rope 
continuing  to  pass  down  the  lock  through  the  cover.  Rubber 
gaskets  were  used  to  make  all  joints  tight.  The  bucket,  as 
shown  in  Figure  J,  held  about  one-half  a  cubic  yard. 

A  lock  three  feet  in  diameter  was  provided  through  which 
the  men  entered  and  left  the  caisson.  This  lock  was  eight  and 
one-half  feet  in  length.  It  was  built  of  three-eighths  inch 
boiler-plate,  with  a  shaft  of  the  same  material  extending  from 
the  bottom  of  the  lock  to  the  top  of  the  deck,  as  shown  in  the  ac- 
companying drawing.  The  top  and  bottom  doors  were  of  three- 
eighths  inch  iron,  stiffened  by  angle  irons,  and  faced  with  rub- 
ber gaskets.  This  lock  and  the  shaft  below  were  provided  with 
iron  ladders. 

The  caisson  was  provided  with  a  Swedish  telephone  con- 
necting with  the  engine-house  above  and  with  the  power-sta- 
tion on  Water  street.  Compressed  air  could  be  admitted 
through  two  pipes,  although  only  one  was  used.  A  water  pipe 
with  hose  attached  was  also  provided,  as  well  as  suction  pijie 
from  pump  to  remove  drainage  water. 

The  compressed  air  was  conducted  from  the  power-station 
to  the  regulating  valves  at  the  caisson  at  high  pressure.  The 
hoisting-engine  operating  the  buckets  was  driven  by  air  taken 
direct  from  these  mains,  and  the  air  for  the  tunnels  was  passed 
through  two  automatic  pressure  regulating- valves,  one  four- 
inch  and  one  three-inch.  These  valves  were  made  by  the 
d'Estey  &  Seely  Co.,  of  Boston,  and'  governed  the  pressure 
perfectly,  both  when  small  and  large  amounts  of  air  were  be- 
ing used. 

Lining  Rings. 

The  temporary  lining,  put  in  as  fast  as  material  was  exca- 
vated, consisted  of  wooden  rings  eighteen  inches  long.  These 
rings  were  cut  into  eight  segments,  and  as  the  segments  had 
to  be  put  in  place  from  the  inside,  one  piece  was  cut  so  as  to 
form  a  key,  wedging  as  driven  into  position  from  the  inside, 
and  the  segments  each  side  of  it  were  cut  to  fit  this  key.    All 
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other  pieces  were  cut  on  the  radial  lines.  The  segments  were 
framed  of  2x3-inch  North  Carolina  pine,  being  pinned  together 
by  one-qnarter  inch  carriage  bolts.  The  ribs  of  the  rings  were 
cut  on  the  circle,  six  feet  in  diameter  on  the  outside.  These 
segmental  frames  were  covered  with  J-inch  matched  spruce 
sheathing,  which  was  stuck  curved  on  one  side  to  rest  tightly 
on  the  curved  frame.  The  frames  were  bored  by  template,  so 
that  there  was  no  delay  in  bolting  them  together  when  in 
place.  Three  one-half  inch  bolts  were  used  on  each  side  and 
two  of  the  same  size  on  each  end. 

Tunneling. 

When  the  caisson  was  finally  in  place  and  the  bottom  had 
been  put  in,  openings  five  and  one-half  feet  in  diameter  were 
made  in  each  end,  and  the  first  rings  bolted  to  the  timbers.  As 
fast  as  the  necessary  space  was  excavated,  one  section  of  a  ring 
was  quickly  put  in  place  and  securely  bolted  to  the  ring  which 
had  just  previously  been  placed.  (See  Cut  L.)  In  this  way  the 
material  through  which  the  excavation  was  made  was  held 
in  place  until  the  safety  lining  of  brick  was  put  in.  It  was  cus- 
tomary for  the  safety  lining  to  be  built  during  the  first  part 
of  one  shift,  the  work  being  done  under  the  protection  of  the 
temporary  wooden  lining  during  the  balance  of  that  shift  and 
the  whole  of  the  one  following.  In  this  way  from  eight  to 
twelve  feet  of  masonry  could  be  laid  in  each  heading  in  one 
day. 

Much  of  the  time  the  sand  was  so  loose  that  it  was  necessary 
to  work  behind  the  bulkhead,  shown  in  Cut  L.  This  greatly 
retarded  progress,  as  considerable  time  was  lost  in  putting  in 
and  taking  out  the  bulkheads,  which  consisted  of  planks  bolted 
to  the  rings.  It  was  also  necessary  to  use  large  quantities  of 
clay  to  close  the  cracks  in  the  bulkheads  and  between  the 
wooden  rings. 

The  section  of  tunnel  under  the  Green  street  railroad  cross- 
ing was  protected  by  iron  rings  instead  of  the  wooden  ones. 
These  were  made  of  one-eighth  inch  boiler  plate,  and  were 
pressed  into  shape  when  hot.  In  this  way  they  were  flanged  and 
curved  at  one  operation.     They  were  drilled  and  bolted  to- 
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gether  in  the  shop  and  marked  before  being  taken  to  the  work. 
The  sand  through  which  this  section  of  the  tunnel  was  driven 
was  rather  coarse,  and  the  vibrations  caused  by  the  rapidly- 
moving  trains  above  made  some  trouble  at  first.  The  various 
railroad  comi)anie8,  however,  very  kindly  reduced  the  speed  at 
which  the  trains  were  run  and  no  serious  trouble  was  then 
experienced. 

There  were  two  curved  sections  in  this  tunnel.  One  was  a 
reverse  curve,  extending  from  Green  street,  across  Franklin 
street,  into  Bartlett  place,  and  the  other  a  very  sharp  curve 
from  Bartlett  place  into  Cherry  street.  To  follow  the  proper 
line  in  these  curves  wedge  rings  were  used.  These  were  cut 
into  segments  to  fit  the  ordinary  rings  and  were  placed  be- 
tween them,  the  wide  portion  of  the  rings  being  on  the  outside 
of  the  curve.  The  wedge  rings  were  made  of  such  thickness 
that  with  one  between  every  two  rings  the  tunnel  was  kept  on 
the  line  of  the  curve  without  trouble.  In  case  of  deviation 
from  the  proper  grade  the  rings  were  brought  back  to  their 
proper  place  by  the  use  of  wedge  rings,  as  in  the  case  of  the 
curve  in  the  line.  In  one  case  the  drift  ran  so  much  above  grade 
that  it  was  necessary  to  lower  the  bottom  before  putting  in 
the  final  lining.  This  was  done  by  cutting  the  bottom  out  of 
the  temporary  work  in  short  sections  and  excavating  to  the  re- 
quired depth.  Each  short  section  was  then  filled  with  con- 
crete. 

At  about  6  o'clock  in  the  evening  of  August  28  it  was  dis- 
covered that  the  timbers  in  the  roof  of  the  caisson  were  burn- 
ing. After  the  bulkheads  had  been  hastily  secured,  an  effort 
was  made  to  force  water  between  the  timbers,  and  put  out  the 
fire  in  this  way.  This  effort  was  of  no  avail,  however,  as  long 
as  the  air  pressure  was  on;  the  flames  being  well  fanned,  made 
rapid  progress.  The  air  was  at  once  shut  off,  and  an  effort  made 
to  fight  the  fire  from  the  caisson,  but  the  smoke  drove  out  the 
men,  two  being  temporarily  overcome  by  it.  The  fire  was  final- 
ly extinguished  by  filling  the  entire  tunnel  with  water.  This 
took  about  four  hours,  and  it  was  several  days  before  tunnel- 
ing was  resumed. 
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superintendent  of  skewers.  «1 

Safety  Lining. 

As  has  been  mentioned,  the  temporarj  lining  was  followed 
ap  dailv  bj  the  eonstrnction  of  the  safety  lining.  This  was 
simplj  a  rim  of  brickwork  consisting  of  bricks  laid  flat  in  the 
s^ments  of  the  rings  to  level  np  with  the  ribs,  inside  of  which 
was  laid  one  course  of  brick  on  edge.  All  masonry  was  laid 
in  Portland  cement.  The  centres  were  allowed  to  remain  in 
place  until  the  cement  was  hard  set,  when  the  tunnel  was  con- 
sidered  perfectly  safe  to  work  in.  In  fact,  the  wooden  rings 
were  considered  safe  when  the  pressure  was  on,  but  it  was  not 
deemed  wise  to  depend  on  them  when  there  was  no  pressure. 
As  fast  as  the  masonry  was  completed,  it  was  washtnl  with 
neat  Portland  cement,  to  prevent  leakage  of  air.  It  was  also 
necessary  to  go  over  the.  work  frequently  and  wash  stations 
which  had  dveloped  new  leaks.  Cut  ^I  shows  the  safety  lining 
as  well  as  the  finished  work. 

Final  Lining. 

After  the  tunnel  was  completed,  the  final  lining,  bringing 
it  to  the  required  shape,  size  and  grade,  remained  to  be  put  in. 
This  consisted  of  an  ordinary  egg-shaped  sewer,  32x42  inches 
in  size,  built  of  one  course  of  brickwork  on  edge.  The  si>ace 
between  this  and  the  safety  lining  was  filled  with  concrete 
made  one  part  Portland  cement,  two  parts  sand  and  four  parts 
crushed  trap  rock,  pea  size.  The  inside  of  the  sewer  was  given 
two  coats  of  neat  Portland  cement  wash,  applied  with  brush. 
About  300  feet  of  this  lining  have  been  put  in,  leaving  over 
1,100  feet  to  be  put  in  during  the  coming  winter.  The  detail  of 
this  construction  can  be  studied  from  Cut  M. 

West  Inteboeptor— Section  in  Commercial  Street. 

Length,  1,394.9  feet. 

Average  depth,  16.3  feet. 

Size:  For  731.5  feet,  24x30  inches;  for  663.4  feet,  24  inches. 

Estimated  cost,  |25,510.00. 

Cost,  112,242.91. 
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Work  begun,  August,  1899. 

Work  finished,  November,  1899. 

Foreman,  Hugh  Montgomery. 

The  section  of  the  west  interceptor  between  Warren  street  and 
Commercial  street  has  not  yet  been  built,  but  it  was  desirable 
for  obvious  reasons  to  construct  a  section  in  Commercial  street 
before  the  Street  Department  worked  the  street,  which  had  to 
be  done  in  time  to  levy  the  betterment  assessment  in  December, 
1899.  The  digging  was  very  good  through  most  of  the  street, 
although  large  quantities  of  water  had  to  be  pumped.  For 
this  purpose  a  six-inch  centrifugal  pump  was  used.  For  a 
short  distance  peat  ran  below  grade.  This  was  removed  to 
hard  bottom,  and  good  material  filled  to  grade. 

Wbbt  Interceptor — Section  in  Lamartine,  Sargent,  Gold, 

Bradley  Streets.  * 

Length,  3,529.3  feet. 

Sizes,  32x42, 15, 12, 10  and  8  inches. 

Estimated  cost,  |26,764.00. 

Cost  to  date,  |18,737.71. 

Work  begun,  June  23,  1899. 

Work  is  unfinished. 

Foremen:  Robert  N.  Cundall,  Patrick  Tracy  and  Frederick 
Dearborn. 

The  district  covered  by  these  sewers  lies  so  low  that  it  was 
impossible  to  intercept  the  sewage  from  any  sewers  except  that 
in  Southbridge  street,  running  north  from  Sargent  street.  This 
sewer  was  intercepted  at  the  corner  of  Sargent  and  South- 
bridge  streets.  The  rest  of  the  district  was  resewered,  the  old 
system  being  used  for  storm  water.  In  order  to  reach  a 
portion  of  the  district  it  was  necessary  to  discharge  the  sewage 
from  it  into  a  collecting  chamber  at  the  corner  of  Gold  and 
Bradley  streets,  from  which  the  sewage  will  be  pumped  into 
the  high-level  sewer  in  Gold  street. 

A  section  of  about  150  feet  in  Gold  street  was  laid  on  piles, 
as  peat  extended  too  far  below  the  grade  to  be  removed,  and 
replaced  by  good  material.  A  long  section  in  Bradley  street 
is  now  being  piled.  If  the  weather  continues  good  this  section 
w^ill  be  completed  this  year. 
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jitzp:  Far  iTHH..^  ft^r.  th  liuiie^  .-oiimi:  fdr  717.:i  ft*er.  :IilXt411 
5>riinan*fl  .'dsr.  ^nM.TTHi.iiH. 

W.»rk  b#*inuL  July.  IS<)H. 

Work  tiniHiiefL  Jime,  l^n). 

FonHnoiu  Hin?h  Miinrcroraen'. 

Thia  aewer  ^iHnrfH  frrim  :li»*  "•tiuml)fr  ar  rhe  ♦^nwr  ♦ind  of  rim 
east  »yphri]i»  and  «*xti*nd»  ^limnuii  Millbnry  r4n'r»f*r  ni  V^»*nion 
square.  wtn*rR  ir  ^'onneftH  wnli  rhe  serrinn  Uiiil  in  ninni*l 
tiiron^  Wafer  :HTPf*r.  TIim  ^^xiMvarinn  wan  rhmntrh  hardpaiL 
almotft  rht*  ♦*nniY»  ttiMtanrr*.  A  ;Hnail  amomir  of  mi*k  kail  ro  he 
reoiAved.  bar  rliin  <liii  nor  \v*rv  maTi*rially  ivMarrl  rln*  work.  X 
snail  liow  af  water  wn»  »*neonnn*n'*fl,  wliieli  waH  reailily  din- 
pofiefi  of  by  hand  pompin^ 

It  wa»  atH'pfwai'Y  n>  «»liifH*  ;lie  ani^Ii-hound  j*tiy*ec  railway  crai*k 
be^aose  of  rim  mirrownesft  of  rhe  sn^eer.  Be  rhe  ane  of  «!roHi*- 
OTer»  rhe  i!ar»  pOMieft  "lie  work  on  rhe  rwuirh-hound  rrai'ic,  and 
were  not  materially  dehiv«ML 

J*everal  of  rhe  pe*miaT<tp5».  rhroiiijh  whirh  rhe  *^wasn*  of  the 
old  *y»reni  of  ;4ewer»  w  Ti  lie  ;nlnurTed  ro  rhe  inrt-ri*epri'»r,  have 
been  conarmerefi,  and  It  Ih  ♦^xpefn^l  ^«)  havf^  rheni  all  et>mpl»^red 
before  winter  jset^  in, 

P»owEa-.'^TArio!ff.  Wafer  .Street. 

Engineer  in  cfaarsre  of  nie<»han;i*al  en:rineer:a^,  Harry  L.  Dad- 
man. 

Engineer  in  <*iiar^e  nt  elef»nMi*al  enarineerin^j:.  Robert  N.  Cna- 
dalL 

Engineer  in  <*harze  of  j^rarion,  «iay  ahifr.  M.  Osmer  Sooct. 

Engineer  in  charyre  of  .^rarioa.  niariit  ^shifr,  Frank  A.  Griinlfv. 

The  pnenniari<!  ruan«-l  rhnin^h  the  qniok^ands  of  Oret^u 
street  reqaired  lar*j:e  qnanriri*^**  of  oompresised  air,  aud  La  the 
Water  street  tnnneU  rhe  driil.i  w^-re  driven  by  the  same  power. 
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All  the  tannels  were  lighted  bv  electricity,  and  electric  motor- 
cars were  operated  in  several.  The  necessary  station  for  fur- 
nishing this  power  was  established  at  the  comer  of  Water  and 
Pond  streets.  A  section  of  the  building  belonging  to  the  F.  B. 
Norton  heirs  and  formerly  used  for  manufacturing  pottery  was 
leased  for  this  purpose. 

With  the  complete  equipment  of  boilers  and  machinery,  the 
station  was  very  crowded,  although  it  served  its  purpose.  The 
ventilation  was  very  poor,  much  of  the  time  the  temperature 
of  the  engine-room  being  from  120  to  135  degrees  Fahrenheit. 
A  24-inch  Berry  ventilating  fan  was  put  in  to  secure  better 
ventilation,  but  it  was  able  to  reduce  the  temperature  only  ten 
or  fifteen  degrees. 

Three  horizontal,  fire-tube  boilers  were  installed.  They  were 
obtained  from  different  concerns,  and  were  second-hand  boilers, 
but  were  accepted  only  on  certificate  of  the  Hartford  Steam 
Boiler  Inspection  &  Insurance  Co.,  in  which  they  are  insured. 
Each  boiler  was  6  feet  in  diameter  and  from  15  to  16  feet  in 
length,  and  developed  under  ordinary  conditions  125  H.  P.,  thus 
affording  a  combined  output  of  375  H.  P.  These  boilers  were 
connected  with  a  steel  stack  3  feet  in  diameter  and  80  feet  high. 

The  electric  current  was  generated  by  the  dynamo  used  in 
connection  with  the  construction  of  the  conduit  in  Millbrook, 
and  a  new  Holtzer-Cabot  generator  of  the  same  capacity  and 
potential.  These  machines  were  driven  by  a  12x34  inch  Brown 
engine,  developing  60  H.  P.  at  70  revolutions  per  minute.  This 
engine  had  been  owned  by  the  department  for  a  number  of 
years,  and  performed  its  work  very  satisfactorily. 

The  switch-board  Tvas  an  inexpensive  skeleton  affair,  and  was 
HO  wired  that  either  machine  could  carry  the  load  of  either 
the  Green  street  tunnel  or  the  Water  street  tunnel,  and  by  over- 
loading either  machine  it  was  possible  to  shut  the  other  down 
for  repairs  at  times  when  the  load  was  not  unusually  heavy. 
From  the  switch-board,  lines  were  run  to  Green  street  and 
Water  street.  From  these  main  lines,  branches  were  run  to 
each  shaft  where  fuse  blocks  and  switches  were  placed,  and 
from  them  lines  were  run  into  the  tunnels.  Thus,  it  was  possi- 
ble to  shut  off  the  current  from  any  tunnel  without  interfering 
with  the  light  or  power  of  the  others.     The  switch-board  was 
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system  were  the  liability  to  frequent  short  circuits,  caused  bj 
dropping  of  tools  across  the  rails,  and  difficulty  of  insulation. 
The  former  did  not  trouble  often  enough  to  be  a  serious  incon- 
venience, and  when  a  short  circuit  did  occur  it  was  a  matter 
of  but  a  few  seconds  before  the  engineer  in  the  power-station 
could  throw  in  the  circuit-breaker.  The  method  of  insulation 
adopted  proved  quite  satisfactory,  and  the  leakage  was  unim- 
portant. 

The  motor-cars  consisted  of  inexpensive  trucks  equipped  with 
General  Electric  Co.  motors,  tyjje  C.  E.,  wound  for  220  volts, 
and  developing  5  H.  P.,  railway  rating.  A  sprocket-wheel  was 
used  in  place  of  the  customary  driving-pulley,  and  was  con- 
nected to  one  axle  of  the  car  by  chain  and  larger  sprocket- 
wheel.  A  speed  of  six  miles  an  hour  was  easily  obtained  when 
drawing  a  loaded  stock-car.  The  inconvenience  caused  the 
men  by  touching  or  stepping  on  the  live  rail  was  very  slight, 
and  the  voltage  proved  satisfactory  in  every  respect. 

Care  was  always  taken  to  shut  off  light  and  power  currents 
w*hen  blasting  materials  were  being  placed  in  position  for 
service,  because  of  the  possibility,  though  generally  quite  re- 
mote, of  the  wires  of  the  fuses  becoming  connected  with  the 
rails  or  light-wires.  The  result,  if  such  a  circuit  should  be 
formed,  would  probably  be  disastrous. 

Compressed  Air. 

All  hoisting-engines  and  pumps  working  at  the  tunnel  shafts 
were  operated  by  compressed  air,  as  well  as  the  rock-drills  in 
the  Water  street  tunnel.  At  times,  as  many  as  six  Xo.  3  B 
drills  were  in  use.  The  tunnel  in  Green  street,  which  was 
driven  under  pressure,  was  not  started  until  most  of  the  work 
in  the  rock  tunnels  was  finished.  The  compressor-plant  would 
not  have  been  of  sufticient  capacity  to  have  supplied  air  for  all 
tunnels  at  the  same  time. 

Two  air  compressors  were  installed  to  meet  these  require- 
ments. One  was  a  Class  B«  10x16  inchee,  duplex  machine, 
made  by  the  Rand  Drill  Co..  and  owned.by  the  department  for 
the  last  twelve  or  fifteen  years.  This  machine  required  a  boiler 
eaf>iioity  of  about  45  H.  P.  at  1<N>  revolutions.    At  this  speed 
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CUT  M. 

Sbction  op  Pneumatic  Tunnel  Showing  Safety  Lining  and  Finibhed 
Sewer,  with  Concrete  Between  the  Two. 
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it  was  capable  of  compressing  about  290  cubic  feet  of  free  air 
per  minute  to  80  pounds  pressure,  at  which  pressure  the  air 
would  occupy  a  space  of  about  45  cubic  feet.  The  other  was  9 
second-hand  Class  B,  14x22  inches,  duplex  compressor,  made 
by  the  same  firm,  and  bought  especially  for  this  work.  This 
machine,  running  at  85  revolutions  per  minute^  compressed  666 
cubic  feet  of  free  air  to  104  cubic  feet  at  a  pressure  of  80 
pounds,  and  required  a  boiler  capacity  of  110  H.  P.  During  the 
most  difficult  portion  of  the  pneumatic  tunnel  both  machines 
greatly  exceeded  this  output,  the  smaller  running  at  about 
130  revolutions,  and  furnishing  86  cubic  feet  of  air  at  about 
50  pounds  pressure,  while  the  larger  compressor  was  running 
at  about  95  revolutions,  and  furnished  169  cubic  feet  of  air 
at  the  same  pressure. 

The  tunnels  in  Water  street  were  supplit^d  with  the  neces- 
sary air  by  a  three-inch  main  laid  under  the  sidewalk.  The 
Green  street  tunnels  were  supplied  by  two  lines,  one  tliree- 
inch  and  one  four-inch.  At  the  corner  of  (iretni  and  Winter 
streets,  a  pressure-equalizing  tank,  5x14  feet,  was  connected 
with  the  air-line.  All  mains  were  connected  with  the  pres- 
sure-equalizing tank  at  the  power-house,  which  was  so  piped 
that  either  or  both  compressors  could  supply  one  or  all  lines 
through  it  or  without  it.  This  tank  was  12  feet  long  and  5 
feet  in  diameter. 

East  Interceptor — Section  in  Vernon  Square  and  Water 

Street. 

length,  1,446  feet. 

Average  depth,  22  feet. 

Size,  40x54  inches. 

Estimated  cost,  f 79,000.00  (complete  from  Millbury  street  to 
Grafton  street). 

Cost,  $47,634.99. 

Work  begun,  December,  1898. 

Work  finished,  October,  1899. 

Engineer  in  charge  of  electrical  engineering,  Robert  N.  Cun- 
dall. 

Foremen:  On  day  shift:  Patrick  Fox,  John  McGrath  and 
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Table  XIV. 

RESULTS  OF  THE  CHEBCICAL  PRECIPITATION  OP  THE  SEWAGE. 
Monthly  Atfrofftt  of  An4ilyM$  of  Sewagt  and  EJIuent, 

[Parts  per  lOO.OOa] 


Date  op  Collectiow. 


SewftKe,  December,  1808, 
Effluent. 

Per  cent,  removed, 

Sew  aire,  January,  1899,     . 
Effluent. 

Per  cent,  removed, 

Sewage.  February.  1899, 
Effluent, 

Per  cent,  removed. 

Sewaffe.  March,  1809, 
Effluent. 

Per  cent,  removed. 

Sewage.  April,  1899, 
Effluent.      *' 

Per  cent,  removed. 

Sewage.  May,  1899.    . 
Effluent.    •' 

Per  cent,  removed, 

Sewage,  June.  1809, 
Effluent.     •*         ••      .       . 
Per  cent,  removed. 

Sewage.  July,  1899,    . 
Effluent.    ••        "       .       . 
Per  cent,  removed, 

Sewage.  August,  1890, 
Effluent, 

Per  cent,  removed, 

Sewnge,  September.  1899. 
Effluent, 

Per  cent,  removed. 

Sewage.  October,  1899, 
Effluent. 

Per  cent,  removed, 

Sewage.  November,  1899, 
Effluent. 

Per  cent,  removed. 


Sewage  for  year  ending  Dec.  1, 1809, 

Effluent  

Per  cent,  removed. 


AMMONIA. 


I 
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e 
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.669 
.583 
12.85 

.314 
.172 
43.95 

.503 
.539 
9.1U 

.281 
.lft2 
45.91 

.716 
.645 
9.92 


.450 
.405 


10  00 


.519 

.451 


.353 

.190 
46.17 

206 
.147 
44.73 

.266 
.139 


13.10    I  47.74 

1.234  .577 

1.106  .266 

10.37  53.91 


1.302 
1.145 
12.14 

1.469 
1..S56 
7.60 

1.373 
1.2M 
10.31 

1.344 
1.240 
7.74 

1.777 
1..T89 
10.45 

1.702 
1.547 
911 


.616 
.276 
55.20 

.640  ' 
.281 
56.10 

.612 
.254 
58!82 

.584 
.257 
60.00 

.652 
.277 
57.51 

.503 
.2.53 
57.33 
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1.097 
.988 
9.93 

.480 
.222 
53.73 

©■3 
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.145 
.167 
-7.e5 

.158 
.143 
9.49 


.169 
.015 
91.11 

.123 
.009 
98.08 


.198  I       .160 
.181  .009 

&22       9iJ^ 


.141 
.138 
2.13 


.146         .220 
.132         .007 
9.58       04.17 


.323 
.256 
21.05 

.264 
.260 
1.58 

.287 
.260 
6l27 

.27« 
.240 
13.68 

.324 
.244 
24.60 


.2M 
.011 
05.68 

.862 
.016 
95.45 

.358 
.012 
96.6! 

.334 
.014 
95.81 


a61 

1.86 

48.48 

3.80 

1.88 

48.08 

4.18 

2.36 

45.03 

a38 


2.02 
1.86 


8.00    -2.85 


1.05 
1.88 
3.50 

2  51 
2.26 
0.06 


.125  I    a32 ,    2.02 
.000       1.74      1.74 
02.81       44  50  .  18.87 


3.33      1.60 

1.55      1.55 

58.46      8.28 


6.00 

2.02 

52.06 

6.53 

3.07 

52.00 

6u47 

a35 

48L22 

6.76 

8.24 

52.06 


.260      7.81 

.018      8.25 

04.00      55.54 


8.23 

3.71 

.VI.02 

8.20 

3.77 

54.51 


.315 

.387  , 

.260 

.008 

14.61 

07.63 

.280 

.313 

.246 

.007 

12.14 

07.T7 

.237 

.248 

.211 

.011 

10.07 

06.58 

5.68 

2.71 

51.78 


3.22 
2.02 
0.32 

8.37 
8.07 
8.00 

320 
3.35 

1.82 


S.OB 
3.43 
6.28 

4.41 
4.88 

aoB 

2.00 

^96 

1.83 
169 

im. 

'.44; 

9.86 
8.47 
1.70 


8.71 

7  9l! 

a24 

8.14! 

12.07 

.2.9l| 

4.27 

7.101 

a25 

7.20 

23.80 

-1.41  1 

4.06 

8.01 

&7I 

8.08 

25.20 

-0.87 

.5.49 

7.52, 

877 

8.00. 

81.25 

6.38' 

1 

&24 

5.87 

2.71 

&00 

16.86 

-2.23 

"a 

o 

a" 
k  bft 

>^ 


8.48     It* 
S.58 


18.0 


17.6 


15.4 


ia4 


17.0 


7.60     IdS 
7.70  : 
-1.32 

806'    153 
.35: 
-0.87  1 


16.8 


17.3 


16.9 


159 


17.1 


Note.— Monthly  averages  are  made  from  dally  analyses  of  sewage  and  effluent  The  daily 
sewage  samples  consist  of  forty-eight  portions  taken  half  hourly.  Sewage  sampU  t  Bre  taken 
as  nearly  as  possible  in  proportion  to  tne  amount  of  sewage  being  received  at  the  time  of  in«. 
sampling.    Effluent  samples  consist  of  twenty-four  portions  taken  hourly. 
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All  of  this  work,  ats  well  as  that  beyond  in  Washburn, 
Southbridge,  Southgate,  Hammond  and  Canterbury  streets, 
was  necessitated  by  the  high  level  at  which  the  sewage  from 
this  section  had  to  be  taken  into  the  Millbrook  conduit.  The 
question  of  grade  was  the  complicating  feature  of  this  section. 

The  level  of  Cambridge  street,  under  the  bridge  of  the  New 
York,  New  Haven  &  Hartford  Railroad  Co,,  is  but  a  few  feet 
above  the  bottom  of  Millbrook,  and  on  this  account  the  seven- 
foot  sewer  built  in  1882  and  1883  was  constructed  in  the  side- 
walk, and  the  walk  raised  about  four  feet  above  the  roadway 
to  ensure  proper  covering. 

The  new  sewer,  which  was  required  to  take  the  place  of  this 
one,  had  to  be  built  at  a  higher  grade,  and  there  was  neither 
sufficient  depth  in  the  sti*eet  under  the  bridge,  nor  sufficient 
grade  to  allow  of  siphoning  under  the  old  sewer,  which  would 
have  to  be  crossed  before  the  collecting-chamber  could  be 
reached.  Accordingly,  a  section  of  the  old  sewer  between  Gar- 
field street  and  Kansas  street  was  abandoned  to  the  new  sys- 
tem. A  new  invert  of  the  required  size  was  constructed 
through  this  sewer,  and  then  leaving  the  old  sewer  the  new 
one  was  extended  to  the  collecting-chamber  on  the  east  and 
to  Washburn  street  on  the  west. 

The  new  surface-water  conduit  is  of  rectangular  shape,  with 
curved  corners  in  the  invert^  and  was  built  through  the  street 
and  connected  with  the  old  seven-foot  sewer  at  Kansas  and  Gar- 
field sreets.  This  sewer  was  built  of  Portland  cement  concrete. 
See  Cut  P.  The  narrowest  section  was  seven  feet  nine  inches 
wide,  and  the  roof  was  twelve  inches  thick.  This  section  was 
widened  to  eight  feet  six  inches  under  the  bridge.  Three-inch 
No.  10  expanded  metal  was  placed  in  the  roof  four  inches  up 
from  its  under  side.  Where  there  was  insufficient  covering,  I- 
beams  were  placed  in  the  roof  four  feet  apart,  with  the  ex- 
panded metal  between  them.  These  methods  of  construction 
are  illustrated  in  Cuts  Q  and  R. 

The  excavating  for  the  drain  was  in  quicksand,  but  no  dam- 
age was  done  to  adjacent  buildings,  although  the  greatest  care 
was  necessary  to  prevent  movement  of  material  outside  the 
trench. 


While  the  neiR   iDven  wai-  \f*nl^:  huih..  tin-  «H'Wii|r«*  wiw*  di 
verted  throuirli  the  ♦iurfa*r^-wui«*?  draiii   wlii<!li  hud  |ir»»ri!iu«lT 
been  conne<*ied  witli  ilif  old  ♦•♦'^♦ft.     J'liiiniiiu:  wa*-  i»iilv  iimc 
essary  to  take  (tare  of  tIm-  iiiiij***-'*?iiiiu*-'rtuiiH.  «iiii«»riiu:  ti»i*  ner 
tion. 

South  iNTEKCEPToii — HErmoNf  T^  Vamhiit'itn.  HnT*Tirni£jiM,r:. 

Length,  44*77.1  feet. 

Sizes:  24x3«,  JO.  1^.  17..  111.  Ih  untl  ^  in'rin-fc 

Estimated  c<ifa,  |f^l.:H(0.(H) 

Cost  f2i<i:^j!K. 

Work  bep™^  J^u^  --.  ^••^♦J* 

Work  finifshed  I»^<-*niiti*M  1    J*^l*i» 

Foreman,  Patri'-k  F<a 

The  semer  in  Wawiilaim  ♦r^-*-*'^  va*  m*  lov  Uiui  h*-  fl'^w 
<*onld  not  t«e  im^r(*^n#'d  \f}  '•a*  ii*'v  w*'v»''  lu  '.innWndr*' ictr««*i. 
Oonseqoentlr,  il»#^  <»ld  H*-i**t  va*  uiiundt'iM'd  ^o  uh*-  a*  u  «ur- 
face-water  drain,  and  a  n*"w  iia*-  mu  MtMuxTi'  \A  tt»'hJ»ur7i. 
Soothbrid^  and  K<»u'iu:ri*'  wm*^'"*..  m  ili*^  ir'U'i;*  <"1  1K*'  N^'w 
England  R.  R„  'Pii^-r*'  Hi*-  d'f***'*'!!'*-  m-  i*:n»'.l*  t»*'tv<'i'ii  Hm'  iwo 
sewers  was  siiiB''i*-iii  5'iT  iri *'»•#•*•} i*  ma. 

The  new  »ew*-r  wa*'  '•«iii^'i.u*'d  ii'^'ourti  K'»ii*i.hnrj«,'i.^  Hyrri- 
mond  and  Cam^^'urn  ♦r»****^-f  "4iir]n*'*t»i'  ih*-  dyj'i»':ai*'  »v**^<'Wj 
in  this  dlstrk't^  Ii  wtt*>  ii  ]»*»**>tTn*  n*  tr**T»>*jrt  f  i*"-^  um^^  of  la^k 
of  grade.  In  >^»u"J  }«riar*  k'»'***«i  -ti*  »m'.j  i^ud  ii*'ir  M''wr#i  m-*^r** 
so  nearly  on  a  lerH  timi  ;i  va*  -n- :»'»♦»»  ♦»»*  io  narj-x  ib*-  Jioum*- 
drains  on  the  *^*ct  ♦:i«i<-  iif  -•ii*-  ^'f****^  ^-'^i**!  u'ld*^-  f#7  ov<^r  iljf" 
old  sewer  to  <*^*iii*^'T  "w."!  't**-  ij*n  oii*'  7'>  jr>i<r'**7>i  th*-i^f 
particnlar  draizt^  iiu  ^u:.*"  i»m  ♦^■w**j  -»<>  'id  a  dMaii^**  of 
abont  30fi  feet  ii<*r'h  fr^^L  "'i*  3'  i  v  •♦*-i»^t  iit  KoTjiL;:;jt^  !Hr«^-t 
where  the  eonneftViij  ♦".!  c  *•*-  .'•.<  'J-.  T'  ;♦  '  o*-  v^h*  ]h  6  ihroijph 
the  sidewalk  to  zt^^^  ^  •r  »^»*., '  ^^  - •,*.  »  ',*  t  ^^thr.hn  i^f^-iiXly  ]a!d 
on  a  concrete  bai^e  '^  f':^  ^h.^^  ♦  '3*-  '5 '  •■*?  *^?<^"'\ 

This  seeti^»n  of  lL<^  ♦•'^tc-i^  '.;:  *"'*^^:.r..  "''»:.:•:'!>] tj^:  n*-arh'  a 
mile  of  new  work,  ""i*  i-''"  '••:;.'•<"  »^  I'j  iti-j  ft^-rious  d'ffi- 
cnlties  of  confrtfT3''"-'r;-  A*  i^^-ib..  ».' n*-  ct'-'ILiI  watr-r  w;^s  en- 
coantered,  bat  it  ^^^  *-i>',7  •ii*-r:  c^re  of  Tj  ^^Mrainaire  and 
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pnmpiDg.  A  six-inch  centrifugal  pamp  was  stationed  at  Cam- 
bridge street,  and  for  a  time  was  kept  panning  nearly  contin- 
noaslj.  I^ter,  the  drain  was  stopped  so  that  the  water  woald 
not  flow  back  through  it  into  the  trench^  and  a  three-inch  pal- 
someter,  kept  ahead  of  the  work,  replaced  the  six-inch  pnmp. 


Separation   of   Surface-water    from    Sewage    tn    the 
Southern  and  Western  Portions  of  the  City. 

The  area  of  the  Millbrook  sewer  between  Cambridge  street 
and  the  Blackstone  river  has  been  very  materially  reduced  bv 
the  construction  of  the  new  sewage  conduit.  At  present  both 
ends  of  this  conduit  are  opened  so  that  the  reduction  in  area 
is  equal  only  to  the  area  of  the  masonry  section.  WTien,  how- 
ever, the  connections  are  made  with  the  collecting-chamber  at 
Cambridge  street  and  with  the  outfall  sewer  at  Quinsigamond 
Village,  the  area  of  the  entire  conduit  will  be  taken  from  the 
effective  section  of  Millbrook.  This  will  cause  a  serious  re- 
duction in  the  capacity  of  the  large  sewer,  which,  at  times,  has 
been  taxed  to  its  utmost  to  carry  off  the  water  delivered  to  it. 
This  condition  makes  it  absolutely  necessary  to  divert  a  por- 
tion of  the  storm-water  which  would  naturally  find  its  way  to 
this  sewer.  Accordingly,  it  was  decided  to  put  in  a  storm- 
water  system  of  drains  in  the  southern  and  western  parts  of 
the  city  to  collect  and  discharge  into  adjacent  streams  a  suffi- 
cient amount  of  storm-water  to  offset  the  displacement  of  this 
conduit. 

Work  in  these  sections  was  begun  in  1897,  and  has  been  con- 
tinued to  date  with  the  result  that  about  75  per  cent,  of  the 
work  is  done. 

In  some  streets  the  old  sewers  are  kept  for  sewage  and  new 
8urfa<e  drains  are  built,  and  in  other  cases  the  reverse  is  true. 
Tlie  g<*neral  policy  is,  however,  to  build  new  sewers,  as  the  old 
ones  are  of  ample  cajiacity  for  the  surface  water,  and  it  is  im- 
I)ortant  that  the  newi^st  and  best  work  be  kept  for  sewage. 

The  total  estimate  for  this  work  was  fl78,210.00,  of  which 
?11 2,473.^6  has  been  expended. 


YL^  }«-r.l»':*.~:iiiL  ir  *n*  '*4*»v:m!*    h-.    tint   ii-iouih'   irv.M  ->*.  vl' 

most  i«*jc.2jr  T.~-^»r*!*r.  TTuh-  h-  inn  umiii"  "'i  ~u*  ii.rr"  k)i)i-*» 
firian«'L* -»!  «♦•!  l.***  it**'*****!!'"  ■•!  ^i*  ^Hir^'^sHf-u  ^i»t:iriMi   ii*  -i  » 

work  ai.d  **-• — ^itf  ';i*^j.  'Ut*  ai**'****H4T"i*f  ^tr  f'lr***!!*'*  ••Mii*<~'Hi'**'miif 
of  van-  "3*  i:  iio*^     I'»c"inr  "".le  iuht  '*!ir.   i-  ^  u*  ••*»*f  ii*Hr   h^  -  i»* 

of  tbe  Sr>f_i--*'  loit  ?''*u£:'***Mf  muti^  -pvu^t  '  ii*  ?^ii  i  Mia  ***  u* 
Sew»-ra*rr  P7*'«!-j^«n^'^  A'  ii*  "ji*****  *'*giir'*+  i,"*  t'tijiu*  ~»  "  b^ 
c-itix/f-n*.  Ai-d  w  iiji   6ia*^l*^♦♦^  ia»*^'*"  iia.i;    ;  ii**«' ♦'»ii*   i  ".-  vx 

amoQbt  of  wA'^  •*a"-*!7*:nr  "i**  ii'  *••••  't  -m--^*!!  •'"■,;i  >^i  .^».j  •! 
pond  Li*  l*e^ri  I".I  ii  •  -i  xi.  •  i.-*  -i  ;  T'l  ^^  i*  ••  •::.»!  "j  *•'• 
Iv  clean  WA'*^-  io^L  .It*   i»u*     •'-'•i    ♦•*^a  <'K'«L   r'.""i     »    "'•'*• 

the  aTt-rac-^  idi^.i    !•  v     » t>    ir..>    r     . .  i.    ri.      ts   * 

amount^  ?.•  ai  a'»^*lj:-  •'^  '  •  .'■  .  .  i  r-.  :*  i.'  «:!''•  V 
1,  !>"!•!•.  to  I>ev>-zi'*»-ir  !!.  I^:^>.  l*-^r.zz  "">'/":'?'.•''  •'  :  •: 
flow  of  gewa^i*-  i"  *^*:  1*  ;:i.-.  :.  I  :  •.*  'v*-i  i'\*\  z'\  ■  r.  x^  •  v 
of  wL:«-b  «>••  en  ..:•  c  i'l.  .  i.*  w  i.*  -:.:•  I'^i  w  j."-:  .:•  ;'  N  *  ■ 
I»OD<L  If^^L-r  If-  "^  *.  .  .  r.  i*  1  I'*  - :!  ^■*  •  j*-  :  :*  r*  r  V:  .  a 
stndT  of  iL»-^!Me  !i^->-^.  >  «  ..  ?^»»-  -m-*  r.  -    *.-  -    -  •;•:  \  .  •.  v  ; 

The  c-Lem:«%il  fr>^':.i.-r.'  •  f  ■'.•-  s^^^.;^"-,'  1  a>  l-*n  tvr.  v, /,  >1 
thron^hoat  the  \*as^i  }^at.  .ii.A  a".  :':.-  s-w^i-,-  \\V.:,li  t . '^\i  t^^ 
forced  through  the  o-riii/.  >♦-«.-:  i.as  W-^n  xry\\Uy\,  tw.x'x  h\ 
this  method  or  l»v  int'^rn.:r->-Lt  ;:l'ra'i«»n.  T^o  inr:V.xsi  .>f  :r\;\' 
ment  has  remain*^!  f»ra«:'i«  a'lly  :in'.hani:iii,  and  *!io  r>*>  :*>  V.oo 
been  abont  the  same  as  in  form^-r  vt-an^ 
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James  Mulhern;    on    night    shift:     Timothy  Connor,  Patrick 
Tracy  and  Thomas  Mulhern. 

No  borings  had  been  made  along  the  line  of  this  sewer,  but 
from  what  excavating  had  been  done  in  the  vicinity  it  was 
supposed  that  rock  would  be  reached  but  a  few  feet  below  the 
surface  of  the  street,  and  that  the  drifts  would  be  entirely  in 
ledge.  For  this  reason  and  on  account  of  the  car-track,  the 
heavy  traffic  of  the  street  and  the  pavements,  which  consisted 
of  granite  blocks  laid  on  cement  concrete  base  and  grouted 
with  Portland  cement,  it  seemed  advisable  to  construct  this 
sewer  in  tunnel.  Accordingly  three  shafts  were  sunk,  one  8 
feet  by  10  feet  at  Fox  street,  and  one  each  at  Harrison  street 
and  Pond  street,  which  were  8  feet  wide  by  16  feet  long. 

From  these  shafts  drifts  were  started  in  each  direction,  and 
when  the  tunnel  was  finished  it  extended  from  Millbury  street 
to  T^edge  street  continuously,  a  distance  of  about  1,400  feet. 

The  material  through  which  the  different  sections  of  tunnel 
were  driven  varied  greatly,  and  did  not  always  turn  out  as 
previously  expected.  The  excavation  from  the  Fox  street  shaft 
was  almost  wholly  through  ledge,  although  frequently  hardpan 
appeared  in  the  roof,  which  required  bracing  in  such  cases,  as 
shown  in  Cut  N.  The  widest  variation  in  material  existed  in 
the  Harrison  street  section.  The  south  drift  ran  for  a  con- 
siderable distance  through  a  combination  of  ledge  and  hard- 
pan.  This  required  very  careful  bracing  and  sheathing,  which 
caused  great  delay.  It  generally  took  the  entire  time  of  the 
night  force  to  put  in  the  timbering  and  to  remove  the  dirt. 
The  day-shift  did  the  drilling  and  blasting.  The  north  drift 
ran  through  a  pocket  of  gravel,  which  was  very  loose  and  re- 
quired extreme  care  to  prevent  it  from  running  from  overhead. 
For  a  short  distance  this  material  was  so  extremely  loose 
that  it  became  necessary  to  work  behind  a  bulkhead,  remov- 
ing the  plank  and  placing  it  ahead  as  the  work  progressed, 
working  from  the  roof  down.  This  drift  ran  from  the  entire 
heading  in  gravel  to  part  rock  and  part  gravel,  and  then  to  an 
entire  face  of  rock.  The  Pond  street  drifts  started  in  rock, 
and  no  dirt  appeared  in  the  south  heading.  The  north  head- 
ing ran  into  hardpan  and  gravel,  with  indications  at  the  point 
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dnring  the  warm  weather.  In  either  case,  still  better  chemical 
results  wonld  be  expected  when  the  water  from  North  pond 
is  diverted  from  the  sewage. 

An  average  of  1,204  pounds  of  lime  per  million  gallons  of 
sewage  has  been  used  in  this  treatment. 

Intekmittent  Filtration. 

The  filter-beds  have  been  pnt  into  use  aa  fast  as  completed, 
and  considerable  progress  has  been  made  in  getting  them  into 
working  condition.  During  October  and  November,  howev^ 
the  large  amount  of  acid  in  the  sewage  was  taking  so  much 
lime  that  large  quantities  were  turned  onto  the  filters.  In 
order  to  treat  as  much  water  as  possible  in  this  way,  the  weak- 
est sewage  containing  strong  acids  was  selected  for  the  filters. 
The  results  of  this  treatment  are  given  in  Table  XYIL  as  are 
also  those  of  the  chemical  precipitation,  so  that  a  comparison 
can  be  made.  It  should  be  remembered  that  a  quantity  of 
sewage  many  times  in  excess  of  the  capacity  of  the  filters  has 
been  applied  to  them,  which  will  partly  account  for  the  infe- 
rior quality  of  eflTluent  they  have  produced,  and  also  that  they 
could  not  be  used  in  this  way  very  long  before  bect>ming  clc^ged 
to  such  an  extent  that  the  quantity  of  water  applied  would 
have  to  be  greatly  reduced.  During  these  two  months,  as  many 
as  four  beds  have  been  out  of  use  on  account  of  cleaning. 

Sludge  Disposal. 

The  disposal  of  the  sludge  from  the  chemical  treatment  has 
been  an  important  feature  of  the  work.  About  70.1  million 
gallons  of  sludge  have  been  removed  from  the  settling-basins. 
This  amounts  to  1.17  per  cent,  of  the  entire  flow  of  the  sewage 
Of  this,  17..J  million  gallons  have  been  pumped  on  to  the 
slndji^e-beds  at  times  when  the  presses  were  unable  to  take  the 
entire  amount  produced,  and  the  balance  of  52.6  million  gallons 
have  been  punifi^^d  into  the  storage  tanks.  After  this  sludge 
had  l>een  allowed  to  settle  for  several  hours,  considerable  super- 
natant liquid  has  been  drawn  off.  This,  however,  has  amoanted 
to  but  1.85  per  cent,  of  the  sludge  pumped  into  the  basins. 
Tb^  reason  this  per  cent,  is  not  higher  is  because  when  the 
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largest  quantity  of  sludge  is  being  pressed,  there  is  not  suffi- 
cient storage  to  allow  a  suitable  settlement  before  an  attempt 
is  made  to  draw  off  the  clear  water. 

About  one  ton  of  lime  daily  has  been  added  to  the  sludge 
since  the  large  amount  of  pickling-llquid  has  been  discharged 
into  the  sewage.  The  precipitate  of  hydrate  of  iron  formed  by 
the  action  of  the  lime  on  these  liquors  is  extremely  bulky,  and 
much  more  difficult  to  press  than  the  sludge  without  the  ex- 
cess of  iron  in  it.  What  water  has  been  drawn  from  these 
basins,  and  the  filtrate  from  the  sludge-presses,  has  been  fil- 
tered on  gravel  filters.  For  this  purpose  four  half-acre  beds 
have  been  provided. 

The  statistics  of  interest  in  connection  with  the  sludge  press- 
ing have  been  kept  very  fully  since  the  plant  was  first  put 
in  operation.  These  are  presented  in  Table  XVIII.  It  will 
be  noticed  that  24,992  tons  of  sludge-cake  have  been  produced, 
and  that  the  cake  has  contained  nearly  75  per  cent,  moisture. 
It  has  proved  more  economical  to  press  the  sludge  in  this  way, 
than  to  attempt  to  reduce  the  cake  to  60  per  cent,  moisture. 
The  cake  is  readily  removed  from  the  presses,  and  soon  dries 
on  the  dump,  thus  saving  the  expense  of  making  a  dryer  cake. 

The  sludge-presses  have  proved  very  satisfactory,  but  as  was 
anticipated  are  not  of  sufficient  capacity  to  do  all  the  pressing 
at  times  of  unusually  large  production  of  sludge  as  the  past 
year  has  been. 

• 

Condition  of  the  Blaokstone  Eiver. 

The  studies  of  the  condition  of  the  Blackstone  river  have 
been  continued  as  in  former  years.  It  will  be  seen  from  Table's 
XIX  to  XXI  that  the  condition  of  the  river  has  not  been  as 
good  as  in  1898.  This  is  very  largely  due  to  the  great  decrease 
in  the  amount  of  water  flowing.  Since  the  Kettle  brook  sys- 
tem was  added  to  the  water  supply  there  has  been  a  marked 
reduction  in  the  flow  of  the  river.  There  has  also  been  con- 
siderable pollution  of  the  stream  by  riparian  owners.  As 
sewers  have  been  provided  for  several  of  these,  it  is  expected 
there  will  be  an  improvement  in  this  respect  in  the  future. 
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Sludoe-pressixg  Plant. 


The  filter-pressing  plant,  which  was  put  in  use  in  1898,  and 
which  has  ran  continuously  since  that  time^  has  been  finally 
completed  during  the  past  year,  and,  as  it  has  never  been  re- 
ported upon,  it  seems  wise  in  the  present  statement  to  go  some- 
what fully  into  the  detail  of  construction. 

Throughout  the  studies  on  this  subject  the  fact  was  kept 
constantly  in  mind  that  rapid  progress  was  being  made  in  the 
purification  of  sewage  by  other  processes  than  chemical  pre- 
cipitation, and  on  this  account  as  little  machinery  was  pur- 
chased as  it  was  possible  to  get  along  with  and  do  the  work 
required.  All  plans  were  made,  however,  with  a  view  to  future 
additions  should  the  present  method  of  sewage  treatment  be 
continued. 

The  first  consideration  was  that  of  suitable  storage  for  the 
sludge.  As  it  was  impracticable  to  press  it  as  rapidly  as  it  was 
pumped  from  the  settling-basins,  it  became  at  once  necessary 
to  provide  storage-basins,  or  to  allow  it  to  remain  in  the  set- 
tling-tanks until  it  could  be  disposed  of  by  the  presses.  If  the 
latter  method  was  adopted,  several  of  the  basins  would  be  con- 
tinually idle,  so  far  as  their  especial  function,  viz.,  the  treat- 
ment of  sewage,  was  concerned.  This  would  hardly  be  an 
economical  method,  as  there  would  never  be  more  than  a  few 
feet  of  sludge  in  a  basin,  and  the  pumping  would  be  so  slow 
that  the  force  required  to  clean  the  tanks  would  be  largely  in- 
creased. It  became  evident,  then,  that  special  basins  for  the 
storage  of  the  sludge  should  be  provided.  Accordingly,  two 
masonry  basins,  20  feet  by  66.66  feet  by  11  feet,  were  built. 
Each  has  a  capacity  of  100,000  gallons  when  filled  to  within 
one  foot  of  the  roof.  These  tanks  were  covered  to  prevent 
trouble  from  ice  in  the  winter.  The  roof  was  flat,  and  consisted 
of  15-inch  I-beams,  spaced  four  feet  apart,  and  filled  Ix^tween 
with  Portland  cement  concrete.  A  gate  was  placed  in  the  par- 
tition-wall so  that  the  sludge  could  be  drawn  out  of  one  basin 
through  the  other  in  case  of  accident  to  the  suction-pipe. 

By  allowing  the  full  basins  of  sludge  to  stand  at  rest  for 
several  hours,  it  has  been  found  that  from  25  per  cent,  to  35 
per  cent,  of  clear  water  can  be  drawn  off  the  surface  in  a  con- 
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dition  suitable  to  be  run  onto  the  gravel-filters,  where  it  can  be 
further  purified.  This,  of  course,  results  in  a  saving  of  from 
25  per  cent,  to  35  per  cent,  in  the  amount  of  liquid  to  be  pre>8ed 
out  of  the  sludge,  and  consequently  about  an  equal  saving 
in  the  cost  of  operating  the  plant. 

It  was  hoped  at  the  outset  that  the  pumps  and  the  presses 
would  be  able  to  take  the  sludge  without  previous  screening. 
This,  however,  has  not  proved  to  be  the  case,  as  perhaps  is  not 
remarkable  when  it  is  considered  that  the  sewage  is  not 
screened.  Very  little  trouble  was  experienced  with  the  presses 
before  the  screens  were  put  in,  but  the  pumps  clogged  occa- 
sional] v. 

The  storage-basins  are  filled  by  the  Shone  ejector,  which  is  so 
connected  by  pipes  that  the  sludge,  when  the  basins  are  full, 
may  be  pumped  onto  the  sludge-beds.  AVlien  lime  is  added  to  the 
sludge,  it  is  admitted  just  before  running  into  the  ejector,  thus 
being  thoroughly  incorporated  before  reaching  the  basin.  Milk 
of  lime  is  used,  and  is  conveyed  by  gravity  from  the  lime-mix- 
ing tanks  in  the  main  building  by  a  six-inch  pipe. 

The  sludge  is  forced  into  the  filter-presses  by  direct  pumping. 
For  this  jmrpose  two  8xl2-inch,  triple-plunger,  belt-driven 
pumps  were  installed.  They  were  built  by  the  Deane  Steam 
Pump  Co.,  of  Holyoke,  Mass.,  and  were  designed  as  "stuff" 
pumps  for  paper-mill  use.  See  Cut  T.  They  were  selected  for 
this  use  because  there  were  but  six  valves  in  each  pump,  two 
for  each  plunger,  all  of  which  were  easily  accessible,  and  not 
liable  to  clog.  The  valves  consist  of  bronze  balls,  about  six 
inches  in  diameter,  seating  on  bronze  seats  about  five  inches 
in  diameter.  The  passages  through  which  the  sludge  flows 
are  all  large  and  straight,  with  but  few  turns,  and  these  of 
reasonably  long  radius.  Two  double  9x9-inch  vertical  steam 
engines  are  belted  direct  to  the  driving-wheels  of  the  pump. 
These  engines  run  at  160  revolutions  per  minute,  and  the  pump 
speed  is  reduced  to  forty-five  revolutions  per  minute  by  gear 
and  pinion  on  the  pumps.  f]ither  of  these  pumps  will  deliver 
the  full  capacity  of  the  four  filter-presses,  so  that  there  is  prac- 
tically a  duplicate  plant.  At  times,  however,  the  sludge  is  very 
thin,  and  then  both  pumps  are  needed  at  the  same  time,  al- 
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tlionfrh  only  for  a  few  minutes,  when  the  sludge  is  first  ad- 
mitted to  an  empty  press.  The  engines  are  regulated  automat- 
ically by  the  pressure  of  the  air  in  the  top  of  the  pressure-tank. 
The  pumps  are  piped  so  that  either  can  be  used  to  pump  the 
sludge  from  the  settling-basins  to  the  storage-tank  in  case  of 
accident  to  the  ejector.  The  sludge  is  forced  through  the 
presses  under  a  pressure  of  80  pounds  per  square  inch,  passing 
through  a  1,130  gallon  pressure-tank.  This  tank  is  kept  only 
three-(]uarters  full  of  sludge,  the  spac(»  above  being  filled  with 
air.  This  serves  as  a  cushion,  and  i)rovides  a  stead}-  pressure. 
A  small  Ingersoll-Sergeant  air-compressor.  OxCixO  inches, 
furnishes  the  air  necessary  for  this  use.  The  pres- 
sure-tank stands  on  end.  and  from  its  bottom  a  10-inch  pres- 
sure-main runs  along  close  to  the  head  end  of  the  presses.  From 
this  main  6-inch  feed-pipes  run  to  the  individual  presses.  These 
pipes  are  fitted  with  6-inch  Chapman  gate  valves,  provided  with 
2.o-inch  by-pass  valves. 

The  filter-prc^sses,  of  which  four  have  been  installed,  were 
built  by  the  (i.  11.  Bushnell  Press  Co.,  of  Thompsonville,  Conn. 
In  brief  a  filter-press  may  be  said  to  consist  of  one  stationary 
end  or  head  with  parallel,  horizontal  side  rods  running  at 
right  angles  to  this  head  at  a  proper  height  from  the  floor, 
from  which  they  are  supported,  and  upon  these  rods  a  number 
of  movable  diaphragms  are  supported.  These  diaphragms  are 
dished  on  both  sides.  Over  them  are  hung  cloths.  The  other 
end  of  the  press  is  movable.  When  it  is  desinnl  to  fill  the 
press  the  movable  head  is  forced  towards  the  fixed  head,  carry- 
ing with  it  the  movable  diaphragms  until  all  are  tight  togeti.er. 
The  sludge  being  admitted  to  the  press  is  forced,  by  its  pr.ssui'e, 
into  the  spaces  between  the  i)lates,  passing  from  one  chamber 
to  the  next  through  the  six-inc'h  hole  in  the  middle  of  each 
plate.  The  water  passes  through  the  cloths,  leaving  the  solids 
between  the  diaphragms,  which  are  moved  back  at  the  suita- 
ble time  toward  the  movable  head,  which  has  been  previously 
drawn  several  feet  away  from  the  nearest  diaphragm.  This 
allows  the  pressed  cake  to  drop  out.  The  description  of  the 
presses  will  be  easily  followed  by  reference  to  Cut  U. 

The  side  rods  are  rectangular  in  section  and  are  supported  by 
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Tli€^  ^"M»vt-s  fuller t  it  and  diwrhar;:!'  into  fli**  ('oiTii;:atioiii»  iii;«i 
the  jjerimeter.  wli^Df*^  it  niiiiJ  ilinm^rli  ili»*  xiiiall  |M«i'f«n;Hi«»n» 
into  the  inside  and  tli«'ij  (»nl.  Th*'  «<»!ru;iiii  i<>ii>i  iiif  in  t«(f  :4»» 
deep  as  practicable.  Each  lilUT  clot  li  i^  r<iiiipo»iiMl  nf  wku  |«k<«  <>* 
of  duck«  each  larpe  enough  t<»  ♦Mitiii'l^^  rt»\rr  Ww  !««««  ot  Hm 
plate.  A  cf^ntre  iH»lf*.  alniut  tiv**  iiii|ii'*<  in  dunurfn.  tw  mm  tti 
each  piece  and  th*'  two  ai#'  H4»^*»*d  to;:»'iliiT  itt-otitul  (iu»  UtAv 
One  piece  of  this  now  d(»ui»l('  iIimIi  ih  puhitiMl  thifm^Oi  ilu  hoU* 
in  the  centre  of  the  plat*',  and  tln^n  tii«*  two  pliM  «'^  titc  a»o  pla(,«t 
as  to  cover  the  plate.  The  up|i#*r  jmrt  of  tlir  « lutli  )»  h<  l<l  \u 
position  hv  Hcrew-htMik»«.wliifli  af<'udju»*iiil»lf  to  all<»w  of  takuii^ 
up  the  cloth  to  make  it  li»'  hiiiooiIi.  TIk*  plaio  iitr  »u|ipo)ti^| 
<»n  bronze  rfdls.  one  011  <'a«'li  WhU'  of  (Ih'  plaif.  braiiti^  «>a  »\i^\ 
pins.  These  rolls  travi'l  on  th»'  sld«'  baix  ni  iIm*  pit***  I'io  h 
plate  weighs  '.»K4I  ])C»uuds  and  is  («a^il\  nn^wul  on  Hu*  iinU  b\ 
two  meo,  each  usin^  one  hand  for  pulliny  Wu'  philr  antt  (he 
other  for  cle^jninj?  tin-  vuU^  froui  tin*  ri«itli  Thi*  plaft**  hmr 
a  diameter,  over  ail.  of  about  'AU  in«ln*«<  and  a  roiira\r  *»i»far«» 
of  36  inches.  Hurroundin^  tit*'  coiiraM'  MtH'fa<  fa4  aii*  natiow 
rims  projierlv  faced  to  form  vati*r!ivlM  joinih  wiili  adjoinltig 
plates.  Guide  j»lates,  1  K  inih  thirK,  ar»*  la^(l•li«'tj  lo  (In*  inwulc 
of  the  leps  of  the  press^-s  at  an  an;;U'  of  nixi  >  dryti'i**.  Tlirw 
plates  prevent  the  siud^*'  from  lalhiiir  to  ihi*  pi<*h*  rt«*4»r 

The  jiresses  rest  upou  )m«'I>j  aboui  ilufi'  f«*iM  apaii.  v^\\\\  i»ne 
set  of  l^B  on  ea«*h  jM^^r,  iIm*  p!»*Sh  iLuk  b«'ih^'  omt  (h«*  pii  Im» 
tween  piers.  On  the  floor  In-low  Mi«*  \^vt'^^t^  room  a  doiibU*  (ta«  U, 
having  a  three-foot  gau;!*-.  '\h  hiid  in  frotii  <;f  iln'  pM*r»*.  Af  ( h«* 
end  of  this  tra<k  a  tranKl**!  rai  h<'r\«»fr  lo  ll•J^ll^f^'r  ilu-  hlmjj.'*' 
cars  fn>m  one  tra»k  to  tht-  oiIht.  'JMh-  «af>  an'  j>l;o  1  d  cippuMii* 
the  presses  and  are  load»'d  with  ►hid;:''  l»>  i'oim<'\oj>. 

These  convevoi'K  «'(in^iKt  oj  ifoii;.'^lih  luiiiMiiy  ilH-nHitr  |iri;'tli 
of  each  j»rf*ss-jiit.  Tl»#-  ^lud;:*'  f\v*t]tt^  iiMo  tiji'M'  iM>tj;,'!i^  ;iijd  i*' 
^•arried  to  th*'  foot  <>iifj  bv  k*.\  WhIi  jmuj  1im'>.  «;if'i«Mi  im  (•tidl<'><»« 
wire  ^'ables  workin;:  in  tl»i'  iion^'ih. 

From  h'^r*'  ii  fuli^  Ji''o  tii*-  «•<<•  wi  i«  ii  ]►  w-.n'ir'!:  Tin'  oiiU 
lal»or  r**<4ulred  in  thi^  ♦■nfii«'''»oii  jh  iha^  «»t  U-xii-iij;  ott  t|,*>  load 
and  pii^hjn^  al<«ni:  tti*-  ra!'  o«  *aM'»i:<i''\.  ']'•»»>  ^om  i-cM^'-vor 
cable*i  are  drivf-u  fn>n.  a  n.;-  u  ^i.iJ*'.  ♦•<.*  1-  ;»"'»•  ^  b.   i.;:  >.ijij.'iM(3 
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with  a  clutch,  which  is  run  by  a  General  Electric  Co.  motor, 
type  C.  E.,  wound  to  develop  5  H.  P.,  at  350  revolutions  and  220 
volts. 

The  sludge  cars  are  hauled  by  electric  motor  cars  to  a  dump 
nearly  a  mile  from  the  press  house.  The  motor  car  is  of  pecu- 
liar shape  and  very  small  on  account  of  the  space  through 
which  it  has  to  pass  in  the  building.  (See  Cut  S.)  An  over- 
head trolley  line  supplies  the  necessary  current  for  these  cars. 
The  sludge  is  dumped  from  a  trestle  about  20  feet  high. 

The  only  expense  connected  with  this  final  disposal  is  that 
of  hauling  the  sludge  to  the  dump.  The  sludge  cars  are  made 
entirely  of  iron.  <See  Cut  B.)  The  bottoms  have  a  sharp  pitch 
from  the  centre  towards  the  sides  and  the  side  doors  are  hinged 
at  the  top.  When  a  ear  is  in  a  position  for  dumping,  the  motor- 
man  removes  the  key  and  the  doors  are  at  once  forced  open 
and  the  load  slides  out.  He  then  closes  the  doors  bv  means  of  a 
gear  and  pinion  and  starts  on  the  return  trip.  The  round  trip 
can  easily  be  made  in  20  minutes,  the  time  of  cleaning  one 
press.  Four  sludge  cars  and  two  motor  cars  constitute  the 
equipment  for  removing  the  sludge  cakes.  Each  car  has  a 
capacity  of  three  yards  and  holds  the  contents  of  one  press. 

It  is  intended  to  wash  the  press  cloths  once  each  week.  For 
this  purpose  a  washing  machine  and  extractor  have  been  put  in. 
They  are  operated  by  an  electric  motor,  formerly  used  on  the 
motor  boat  in  Millbrook.  The  washer  is  36x48  inches,  and  the 
extractor  has  a  2S-inch  basket  and  runs  at  360  revolutions  per 
minute.  Both  machines  were  made  by  the  Troy  Laundry  Ma- 
chinerv  Co.  of  Trov,  N.  Y. 

Tlie  electric  power  and  light  are  generated  by  a  Westinghoose 
six-jiole,  20-kilowatt  compound  generator,  giving  a  potential  of 
220  volts.  The  generator  is  direct  connected  to  an  8x8-inch  Al- 
free  straight-line,  high-speed  engine.  This  equipment  should  be 
duplicated  as  soon  as  the  necessary  money  can  be  obtained. 

Th<*  switchboard  is  equipped  with  the  necessary  measuring 
instruments,  a  circuit  breaker  and  eight  circuit  switches.  The 
press  building  is  lighted  by  eight  1200  candle  power,  constant 
potential,  enclosed  arc  lamps,  made  by  the  Jaundis  Electric 
(,'o.    Tlu*  rfst  of  the  plant  is  lighted  by  incandescent  lamps. 


'     -        <  <  ' 
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I*rv^ar*^  foe  rlit*  liy«lr:nilii'  iTiiim  *if  In*  tilri*r  uh'sw^'h  :h  fnr 
n?>h*^  hy  'jt  diiplt^x,  I4x±sl»t  iurii  pump  luatlH  hv  D»*:in«*  Br*irii. 
^r<  and  fi:riiL»he«i  hv  riii*  <  r.  [i.  Bnt*iiaeii  P!*'*sh  r,i. 

Tbt*  t«v:i**r  p{:uir  ♦M*n.»iHri+  at  rwo  ^»  H.  P  I'^rira  r  il>ii!iii* 
N>il»-rs  nuftfli^  by  •'.  Sn^wjiit  jt.  S«m»  of  r:n»  fin'. 

Tli»- tilr»-r  pCH*4H  panr  Ik  v»*rv  iMiiunii*ri*.  ;i:r:niiiir»i   no   iiniit*^'!***- 

wi»rk  rhaa  w;i:*»*.Tpei*r»Ml  wUhh  ^\u*  <ii*rli*r*H  r«»r  ir  w**r»*  j:«aiM>tL  Tb»* 
b'lildins  in  wh  «*ii  .r  :h  ihmiwmI  k  <if  ^uitahM*  ^izi*,  an«i  j*  .M^avj^a- 
MiX.  I»npl;rar»*  niai'iiiiiMi'v  niav  iia'.^*  i"»»  b**  pros'  di-<l  a-*  rhi-*^ 
futoiv  i2T»>wrli  of  r:ii*  firv  mav  ni-»«M*?*t4rar«*.  hiir  ar  rln-  nr'-st-cr 
Tim**  f»-w  !niprnrKnieii">*  :ia\'<*  -mji;i'*sTi*tl  'li**niH44\''^j*. 

FlLTKIi  QKDS. 

The  r»»CL^'L-a<-r;«)Q  ff  i  -^^r  ^»*»l>»,  w'lirii  w:i.>»  Iihouq  ^n  iy>.>.  hx^ 
Viet-n  t-»»Qrim»-ti  iiipin:r  riii*  pa?>r  >»*-:L^<.n.  Th.:*  wi!<*it  war*  tiri- 
isli*-*!  in  rli«^  fail.  wii»-a  f'.'Jii'S— n  J".»-«ls  w-ri^  •*i»ai;."yn-il.  Ea.«.Ii 
l**fil  ha?*  an  ar»fa  of  an**  am*,  an* J  is*  ar»«'Ur  ^ix  f-i-r  d*-^[>  To  rh«^ 
toji  of  rh«>  aa«W«lrain^.  A"  bi-il:*  .in-  riii.rnr.jr-.ij  iiri«i»-r»lni:D«-*I, 
and  prt>vI>ioa  ha.-*  Y»-^a  nia«V  f<.r  rli*-  rp'-iTnt-nr  of  a  lar'Z»^ 
aiuorinr  tif  j^waic*-  oq  i-a'-li  h#-«j.  [n  f.nr  rii#-  he»l.^  l.^jvi^  I'M-i-n  *•> 
<.*i»nstrnrf**d  rhro(iirh«>ur  r;,,ir  ri-^-v  niav  h»-  ii.^«-ii  ♦^xr.«^rim-'aral' v. 

terinjr  mar^^rial  ij*  •-x»»-lUrir.  ar.^i  ir  i?*  h^'r-^^i  riia,r  murh  inform  i- 
Tion  will  \i^  ohrain*-*!  fr»,[u  r}\e  ^-xp^-^:■'ll»-n^J*  p»^'rf»»rm«^d.  «St^^* 
Cut  \\f 

Soni»*  of  ihr^  6lr»^rM  hav«^  h«-t-ri  in  u.-m^  s^^-vt-ral  nionrh^*,  rhf*  *i*'n- 
eral  ff^TiIra  apfr^-arinir  in  T.in.-  XV III. 

This  branch  of  th«-  work  of  th*-  «l^-{»artiii»-nt  naturally  iii\  iiles 
itself  into  four  di!»tin«r  rhi^^*-?*. 

tai:le  XXIL 

Moner  expende^l  in  liirft-nnr  di\  isi«)ns  of  niaintt'nanoe: 

Total  cost  of  new  lar*  h  l>a-iins  built $7,1-2  -S 

Total  cost  of  repairing:  ol<l  rat«h-l»asins,  nian-hoh^s 

and  sewers  4»1>S1>   10 
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Total  cost  of  cleaning  sewers  and  catch-basins  ....     2,185  14 
Total  cost  of  work  chargeable  to  other  parties 4.977  15 


Total  expenditure  in  maintenance  account f  18,373  67 

The  only  work  not  essentially  a  work  of  maintaining  the 
system  is  that  of  building  new  catch-basins.  When  surface 
water  sewers  are  put  in  the  necessary  catch-basins  are  con- 
structed and  charged  to  the  account  of  that  sewer,  which  is  a 
charge  against  the  construction  account  and  not  against  that 
of  maintenance.  There  are,  however,  a  large  number  of  ba^iins 
built  each  year  on  old  lines  of  sewers  which  are  charged  to  the 
maintenance  account.  This  year  166  basins  have  been  built,  35 
of  which  have  been  chargeable  to  other  accounts  or  to  outside 
parties.  This  is  nearly  100  basins  more  than  are  usually  built 
during  one  year.  It  would  seem,  however,  to  be  an  economical 
plan  to  build  as  many  basins,  which  are  badly  needed,  as  money 
can  be  spared  for.  The  saving  to  the  Street  Department,  by 
preventing  washing  away  of  the  roadbed  in  places  where 
catch-basins  are  needed,  would  in  most  cases  pay  for  the  con- 
stru(*tion  of  the  basins  in  one  vear. 

A  large  amount  of  work  is  done  each  year  to  repair  catch- 
basins  and  man-holes  interfered  with  by  the  work  of  other  city 
departments  and  by  corporations  having  rights  to  dig  up  the 
strw»ts.  This  work  is  entirely  paid  for  by  the  parties  neces- 
sitating the  same.  It  seems  unfortunate  that  this  work  should 
be  necessary,  but  there  appears  to  be  no  way  of  preventing  it 
in  a  growing  city  like  Worcester. 

Almut  the  usual  amount  of  repairs  has  been  made  upon  the 
sewers,  man-holes  and  catch-basins.  The  Shrewsbury  street 
sewer  has  been  rebraced  and  has  not  caved  in  during  the  year, 
which  is  a  cause  for  congratulation.  It  is  absolutely  necessarj* 
that  this  sewer  be  rebuilt,  and  it  cannot  be  done  too  soon.  It 
would  l>e  a  serious  matter  if  this  main  should  fail,  especially 
dtirinjj  the  winter  season,  when  it  would  be  almost  impossible 
to  leimir  the  damage. 

The  catch-basins  and  sewers  have  been  syBtematically  cleaned 
and  tinshed  during  the  past  year.  The  rapidly-increasing 
mih*ajie  of  sewers  and  number  of  catch-basins  require  an  ever- 
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increawinj:  anioant  of  cleaniiijr.  The  past  s<>ason  has  b<»on  a 
very  favorable  one  for  this  work,  as  there  have  been  few  rains 
and  scarce!  V  anv  heaw  showers. 

Tile  sewer  system,  with  the  exception  of  the  Shrewsbury- 
street  sewer,  is  in  veri-  ^kk]  condition  and  no  nn usual  n^paii's 
will  l»e  necessary  daring;  the  coming  year. 

In  closing  il  is  a  pleasure  to  acknowledge  th<*  encouragt*- 
ment,  advice  and  supjKirt  which  have  at  all  tinH»s  bet»n  roe(MV<Nl 
from  the  members  of  the  Committee^  on  Sewers,  individually  as 
well  as  collectively.  The  work  of  the  committee  has  often  be«Mi 
[lerformed  at  the  ]»ersonal  inconvenience  of  its  members,  but 
always  willingly  and  with  the  thorough  investigation  so  neces- 
sary to  the  projjer  dischai^e  of  the  duties  devolving  upon  it. 

The  C'ommittee  on  Sewer  Assessments  has  d(»vottHi  a  hu'ge 
amount  of  time  to  the  invc»stigation  of  n<»w  assessments  as 
well  as  to  ])etitions  for  abatement  of  old  assessments.  In  a 
number  of  cases  the  committ<»e  lias  viewed  the  locations  to  ho 
assessed  and  given  jierscmal  attention  to  the  problems  involv<^l. 

Throughout  the  year  frequent  suggestions  and  advice  havt* 
been  given  by  the  City  Engineer,  which  have  Ihm^u  of  great 
assistance  and  duly  appreciated. 

The  work  of  the  assistant  engineers  of  the  engineering  de- 
partment has  been  universalh'  efficient,  and  es|XM'ial  rr^^lit  is 
due  Mr,  Matthew  Gault,  the  engineer  in  charge  of  this  work. 

Mention  should  also  be  made  of  the  faithful  and  t  tliriont 
manner  in  which  the  various  assistants  and  forcMuen  have  at 
tended  to  their  duties,  and  particular  cn^dit  is  due  to  Mr.  .Inlnis 
W.  Bugbee  and  Mr.  George  II.  White  for  the  valuable  assist 
ance  rendered  in  the  department  of  puritlcation  an«l  roust  tnc 
tion  re8i)ectively. 

Respectfully  submit  t(Ml, 

IIAUKISON  W  i:i>l)V, 

Superintendent  of  SewtMs. 

Worcester,  Mass.,  Dec.  15,  1?<I)!1. 
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WOKC  Il.STIlM 
T.J.   Hl'MLkY.  fRINTEK,   i^-ff   KHf»T  »»THRfeT, 


To  the  Committee  on  Sewers : 

In  compliance  with  your  request  made  March  g,  l8()(>,  I 
be<^  leave  to  submit  the  following  Resume  of  the  StutUcs  and 
Progress  made  toward  the  Solution  of  the  Scwcraj^'e  IVohlcm  : 

In  considering  the  problem  in  the  light  of  w  hat  has  bctMi 
done  and  what  must  be  done  in  the  near  future,  and  to  ^ot  a 
complete  knowledge  of  the  whole  situation  with  the  reasons 
for  the  various  steps  taken,  it  is  necessary  to  consider  thr  top 
ography  of  the  city  and  the  conditions  as  they  cxistet!  in  the 
years  from  1865  to  the  present  time. 

The  city  is  situated  on  hills  and  in  valleys,  thc*rc  hrin^  hut 
a  small  percentage  of  level  land  within  its  limits.  Asa  natural 
result  the  drainage  from  the  hillsides  formed  numerous  small 
brooks.  During  the  sixties  the  sewage  of  the  30,000  people 
living  in  the  city  was  taken  care  of  by  cesspools  and  open 
ditches  with  a  few  covered  pipes.  The  drainage  found  its  way 
into  the  nearest  brook,  and  then,  as  now,  the  drainai^e  of  the 
larger  part  of  the  city  was  ultimately  receiveil  by  Millbrook 
and  carried  by  that  stream  to  the  Blackstone  river.  Several 
other  brooks  were  used  practically  as  sewers,  anionic  them 
Lincoln  brook,  Austin  street  brook,  Hermita^'e  brook,  Pied- 
mont brook  and  Pine  Meadow  brook.  All  of  these,  with  the 
exception  of  Lincoln  brook,  were  tributary  to  Millbrook. 

In  1867,  there  having  been  for  several  years  previous  an 
agitation  of  the  problem  to  better  provide  for  the  city's 
sewerage,  an  act  was  passed  by  the  legislature  granting,  with- 
out reservation  or  conditions  of  any  kind,  the  use  of  the  brooks 
already  mentioned  for  sewerage  purposes,  and  in  addition,  the 
privilege  was  given  to  the  city  to  lay  whatever  drains  and 
common  sewers  might  be  deemed  necessary,  and  to  take  and 
hold  by  purchase  or  otherwise  such  land,  water  ri^^hts.  or  other 
real  estate  as  might  be  deemed  necessary  for  the  purposes  of 
sewerage  and  drainage.  At  this  time  the  city's  poj)ulation 
barely  exceeded  30,000  people. 


_  i 


•  I  ^     — .^ 


>  •  *  •  «    _        • 


I       ' 


»  .  •    •• 


»•• 


»  A' 


*  -•.. 


j\^^ii'     '     zc- 


1.&  t    iSC  _.^    I 


4     •     i    «  «     •  •«     I    ft 


•     ••  ■  ••  tllttl' 


.ltd    <  Ji 

•     •  U  It  I*  ' 


•  -  «  r  -^ 


_  .' :o».    fit*  V  tr    ^    ziv  -Z'     r    :-:x:i.  '• 

.  ;     .    .li  ...1      ■    ij:-    •rwt.t    :-r  i  r„z:.   -fzrr.- 


'mMj-    a-    '^    lici    i 


i_~    nr: 


fl       w        A 


.    lie.:    >^:»a  c^d  c^t  the  climate, 

-•   -     .i:ii  :•!   >ewai:e,  the   6H- 

.  * .  - .    _  >.»w'>iw  c»f  the  sewage  of 

. :   i'  V  .iher  tovn  where  the 

.  :    -.:  i'  V  scheme  that  mav  be 

:.ci.:a.  :o  a  certain  extent; 
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!•    i^Tir-    f  nijs*  tn  coFtr    m  tiit    onrm.i    oiitia\ .  anti  iinolvt 

'nin*"\-:f  nin^-  Dt*  themcan^  adontcil  to  DiiritN'  ihr  sow.U'v  . 
:--r  fr:?r  ^irj  nius*  nr  !<.•  scuaratt  i:  trom  ttit  \rn  prca:.  tui: 
•-XTr^nii:"  variai'ii.  anii)un:  v* '  watrr  unitinc  witli  u  in  the  hiook. 
ir  ^  T :  :n»"iat  ro"  tii:- direc*  discharirt- o:  storm  (>\  n  tluws  mtn 
'/r  -"".r^iini  tntrr^frv.  iTi\«»i\inL  .t  consulcralut  onii.n  oi  inont^x 
-■-  -:  rnanriuf  tiu  nresen:  sewcrnfrr  svstcni  o*  tin  cit\  a^  ti- 
r_  ~  .  iiiem  T:  uiiirenitrnth  " 

A^iT- m.'ii.ni;.  *v  carciu'  stiifi\   o^  tiu   flow  oi    Millhr<nrK  aiu: 
::.r   :.*»::!  iUTi'-f  n-   tut-  stiver  a   sfwtTs  cinpt\-ini-  inii>  i:    tin   rrnorl 
•-••  t'r  :K)arc.  >:a:::">  **tha*  i:  i- :'\  uR-n:   tiiai.to  niaKt    praciuMhu 
ii-y   *.:rienif    i«it  utilizing  o*    puriu-miL;    liit- M'\va:;t .  r.  inns:  hi 
i':t'wTCt*:r.t':,  irjiiirt  it  reacnc- tliv  hrooL  "    i  Nifanin*^  MilllirooU   i 
0"  liurt- n  i»:   tiii>  rtriuir'   tiu    tolinwin;.    statrmtMii   was  n)«ult 
'  ArttT  ca'^i'in    rtmsitieration  ui    ii.ivt*  roiuluiii-ii  to  rfroninirnii 
the  ^^^iiLTur.t  systtrii.  n\  .srvvtrr^  in:  tiu*  v.i! ic\ 

'n'15  iioarc:  con  TUuiiM!  it>  report  r>\*rt'ti>mnKMulini  tiji  sxslcni 
of  :ntaTiiin.t'nt  iiltranon  tofjetncr  witli  tin  .scparatt  svsirni 
*j:  5-eir -erf  t err  tilt-  MillinooL  vaijcv  1  ii'- Doaui  was  .iti\  isro  in  its 
studies  C'f  tins  |iT()hk-n'  in  C  I  I'oisoni  M  1>  .  o!  int-  Nation 
al  lioard  c»f  Htraltl:.  Josf-pli  I'  l>;i\i-.  C  L..  i»l  Nc*w  \tiiL.  .mti 
Henrv- F  Walcoti,  M    !>..  iit-aiii!  otluci  o'  int  iio.iui 

Frc»n]  riiL'Sf  extracts  it   is  seen  lliat  as  tMii\  as  iS^.""  it  vv.is 
apparent  to  thost-  wIh»  liaci   studu-c   tin    situation    tlioii»ni^ni\ 
that  irbatf  ver  thr  nietiioC  rniiiio\  r-c!   lo:   Ih'.    disposint  ot    llu 
se»*a.^e  oi  the   city,  it  uouid    Ik-    ne^es.saix.  liriou    siit  c  rss  vv.is 
attained,  to   remove    the    sewa^i    lion,    the   snilaee  w.iiei    viMi 
which  it  had  been  mixed.  o\   tnt  tintni>M!\   liom  the-  slaw 

In  l8^^4  a  s]>ecial  eonnnis^p'ii  w  a^  a;»]Hnni''Ci  l'\  tlif 
Governor  tc>  consider  and  repv»r:  *.  u:'"n'Ma  sn  si«"n:  o!  divaiiMtc 
for  the  relief  of  the  valieys  »>!  titt  Ai\-tii'  r»..ici  s'.onc  »i!ul 
Charles  rivers,  and  a!s(i  to  ct»n^i(i'.-^  thi  \.rlOll^  ni'*' ll.l.l^  ol 
disposal  of  sewa^t.au'.:  ine  .r.'pii.at  or  o:  sn-  !■  nlrt.ul'i^  tir  ,,:<\ 
portion  of  the  territories  meirooU'/c.  ii    :iit   le^o  \t 

The  foijowin^  alKtra'-'t  t-uui  tir.  •'  .-o-:  u'  \i.:>  S  ..i- .  is  i  1 
particular  interest  n-  m]\'".-r-  -i  v;:l  tic.  »»;i::  i.»n  r!  :;.*.t'\ 
people  so  frequently  ex}>'»j^>'..  ti;,;*  tj  ,  Nr-^..^^*  o*  \'\o:.es:ti 
should  be  taken  to  tiit  s»a 

"It  has  been  sir_:es:'.  ;  :i..i:  "al  ^tt.v.  si....  ...  l«.    *.. 


ki  tiiini  'crwtr'  truni  VVirrcffStcr  ti-  tht*  jfca  ai  BwsicoL. 
aiu  thus  tunnel  tiit  \viu)it  intirrveniiif:  terrinirT-  wtLh 
.iinnHtUr  tAcilitttfv  a:  ii  bio^  Th^  ^chemt  wt  ccjm- 
Hiu:r'  ti  In  enure ^^  visujikitt  aiic  inTprunticuriit.  icc 
VMitoijv  TdsoHs  ir  tiit^  tir?:  ntiint,.  tnt  ciurineerniz;^ 
ttitiu*iititT?v  art  \t:^^  pr^'^u.  attiinup:  mn  ubsuiin^h  zi^ 
Hiunrrviht:  -v-  tiu  u-^i^rlit- o'  unit:  lietwtitir  '^  sirneKler 
U1U  lw*<tiii  Tin  mirti  ant  snnti;  MTtmiTHimr  mte  x-t^rc^-* 
n  tilt  Hia/ix^tinit.  MiiiJ^ir^  ant:  Ihur'tejs  Ht'^/trrii  iiniz: 
uui  in»t!V  unntc^>-  wi^uu  ut  •nfiit^.-^i'sii'^  nut  n  s^  ^iifr- 
^u^<:  (i  i"»Tr:  ticsn.  "'ittn:  .t-  ;  sewsr  ijn::t  ttr  a.^wTi. 
-;nnii»  In  <.fiitiji  III  opm  witnnn' nimninir^ni  ijewuzTf:. 
I  m*.  t'nu -  it-/.*t.-^>»i'"  n  .'n*  trrni^  .<i  ij^trir  l  daCHnri  ". 
naunum  v  -r-cxn^'  Uiwn\v,-;iTL  ;jnuLt  n:  l  ''^r^  K-iC'i't 
vUii  r.'.Mua  m-:inKi:iin  cir  tiitJt  niiii-  Tiiir  it^j^Tr- 
» tit-.--  tN\.-.>^^"  :"'  rut  liinunitiet-  n  i.ininiin:  ai*i  :  r 
..lU'^'rL-iuttni.":  ^T'^/ui"  ■?^Tt'.c.:nt^-  lur  iitt  ttnurii  :f:  tj^i^ 
'tiuir  r  ^-  iiii  ruMMj'u  niii  I  HiK  ::nuii  itt  j.unii 
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studied.  This  stream,  lieinj:  the  rc^n'r.  a:  the  confluence  of  the 
\*arioiis  brooks  flowing  throujjh  tht-  city  o:  Worcester,  runs 
rapidly  through  the  State  in  a  southc-isieriy  direction,  crossing 
into  Rhode  Island  and  finally  empty  int.-  into  Narrii^ansrtt  Hay. 
There  is  a  very  considerable  t'al!  bctweei.  the  hcaci  waters  and 
the  mouth  of  the  river  of  which  advanta;?'.  was  carlv  taken  by 
manufacturers.  Dams  were  constructed  and  low  lands  alon^ 
the  river  flowed  to  such  an  extent  that  the  river  had  brconie, 
in  1885,  a  series  of  ponds  rather  than  a  runninj:  stream.  Tlir 
flood  waters  of  many  of  the  jkjiicLs  flowed  bark  Xtf  the  fool  ol 
the  dams  above.  The  dam.s  of  course  heit;  back  the  current  of 
the  stream  so  that  there  wa>  excellent  o:»:jortunit\  af(orch*d 
for  sewage  matter  carried  by  liie  stri.an.  tf>  settle  in  the 
various  ponds.  This  wa^i  noti':rd  at  ut<  m  the  jionds  nearest 
the  citA',  but  gradually  extended  linv. i  streanj  to:  several  miles, 
^o  that  large  quantities  of  >c\-*n'ji  nj;*<:  werr  containrt!  behind 
the  dams.  In  time  of  low  water,  v.  h'.-i.  the  banks  were  exposefl 
and  frequently  also  the  dep**-*!!  on  ttie  b'rtioni^  of  the  ponds, 
the  odor  rising  was  very  nt»ti  era  rile. 

These  deposits,  even  when  covtrred  with  watt^r,  were  in  a 
state  of  putrifaction.  and  the  J;a•^es  ari-^in;:  trom  the  derom- 
position  of  the  inorj^anic  matt'ji.  i/a--t't:  throK;;.;!)  the  water  and 
into  the  air.  Under  the.se  corid::joii-.  c(»nipiairit-  brcanie  more- 
frequent,  and  in  iSsr*  the  le;.'iS4ati.re  j^asstd  the  lol lowing 
statute  requiring  the  city  to  pr(»viclt  >onie  nu  an^  of  prrveritmf; 
the  sewage  from  entering  the  ri\  er : 

'•Statutes  of  iSv,  Ciiapter  ■:-!.  .'se.  '.ion  i.  -  Tlie 
city  of  Worcester  sha!!.  v  :::•  k\  :#*  :lj/  !;i!  r*ed  t(^  ariv 
particular  system.  w:tf.:!.  i".T  \  ra-s  a::ri  liic  passage 
of  this  act,  remove  ir^'-ni  It^  ^-euai':.  bet<;:f  it  is  dis- 
charged into  the  r.ia:  t.^*o:jt  r:  cr,  iiiv  '.:)tri^i\t  ami 
polluting  proj>erties  aiic:  s. 'r»>taij:  cs  tr"rc::i,  scj  that 
after  its  discharge  ir.to  sa.^J  r:\t.r  t.*i.'.r  tiirectly  (»r 
through  its  tributario.  :t  -':.?:  '.  not  lt'j<Ai-  a  ni.i^^iiuc 
or  endianger  the  pub.::  i.-  a  *.  .  

This  act  was  appro\ed  b\-  t:.v  <^j'.r»cT:.''r.  1..::e  25.  l^S' .  1  he 
population  of  the  cit}-  haH  ri'a/r.r.i  7'  :'>c  a;  t:.i^  t.nic. 

In  obedience  to  an  or  1-r  .^f  the  Litv  Cour.ci!  a;  ;  lovcd 
September  22.  I8S6  the  City  Er.jincvr.  C.*^.-r!e<  A.  AWt^n,  sub- 
mitted a  ver\'  complete  a:.d  cxt*  r.  !'.d  re:  .  rt  en  the  <..!  xct  cf 
the  purification  and  di>po.-al  cf  th^-  SLvai;L  cf  the  city.     In  this 
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At  first  only  a  small  portioa  of  the  daily  ticw  vas  treated 
and  the  work  was  wholly  experimental  in  its  nature.  The 
amount  treated  was  gradually  increased  until  it  reached  about 
three  million  gallons  in  24  hours.  It  was  soon  found,  however, 
that  the  effect  upon  the  river  of  treating  so  small  a  portion  of 
the  city's  sewage  was  not  as  great  as  was  expected  and  studies 
were  at  once  begun  to  ascertain  what  course  should  be  pur- 
sued to  accomplish  the  greatest  and  best  result  in  the  shortest 
time.  It  was  accordingly  decided  to  increase  the  purification 
plant  and  an  order  to  that  end  was  passed  by  the  City  Council 
May  13,  1892.  By  this  "order  the  number  of  settling  basins 
was  increased  from  six«  built  under  the  order  of  1888.  to  six- 
teen, and  as  a  result  of  numerous  experiments  the  entire 
method  of  preparing  and  admitting;  chemicals  to  the  sewage  was 
changed. 

About  the  middle  of  July,  1893  the  enlarged  plant  was  put  into 
operation  and  the  amount  of  sewage  was  gradually  increased  to 
the  maximum  amount  which  could  be  forced  through  the  out- 
fall sewer.  The  effect  on  the  river  of  this  change  was  very 
noticeable  but  not  as  much  as  had  been  hoped  so  that  in  a  com- 
paratively short  time  complaints  from  the  towns  below  the 
city  became  frequent. 

In  1895  these  complaints  culminated  in  a  suit  brought  by 
the  town  of  Millbury  against  the  city  of  Worcester  before  the 
Supreme  Court  to  secure  a  decree  compelling  the  city  to  com- 
ply with  the  Statute  of  1886  cited  above.  This  case  was  tried 
and  the  judgment  of  the  court  was  as  follows : 

COMMONWEALTH    OF   MASSACMl  SK  ITS. 

WOKCKSIKK    SS. 

SUPREME  lUDlCIAL  COURT 
IX  EQUITY. 


The  Self.ctmfn  of  Mii.i  bi  kv 

vs. 
The  Citv  of  W<»k(;f>tf:k. 
No.  547. 

This  cause  came  on  to  be  l.card  at  the  .Ma\'  Mttmi-  ul  ilu* 
court  in  the  year   1896  upon  the  petition,  tlic  ;iM•^v^^I  ami  tl.i 
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replication  on  file,  and  the  proofs  of  the  parties  were  taken 
before  the  court,  and  the  cause  was  argued  by  counsel,  and 
upon  consideration  thereof  it  appeared  and  was  found  by  the 
court : 

First:  That  at  the  time  of  the  filing  of  the  petition  on 
September  26,  1895,  ^"^  prior  thereto  and  thence  down  to  the 
time  of  the  hearing,  the  Blackstone  river  in  Millbury  was  in  a 
condition  dangerous  and  predjudical  to  the  health  of  the  in- 
habitants of  the  town,  and  that  the  river  in  Millbury  was  a 
nuisance. 

Second  :  That  this  dangerous  and  prejudicial  condition 
and  nuisance  was  due  to  several  causes  acting  together, 
namely:  (i.)  To  large  deposits  of  old  and  filthy  mud  in  the 
channel  of  the  river  in  Millbury,  and  in  all  the  mill  ponds  upon 
the  river  in  Millbury,  which  deposits  of  mud  were  there  before 
June  25,  1886,  and  have  continued  to  be  there  ever  since;  (2.) 
To  the  putting  into  the  river  in  Millbury  of  filth,  sewage  and 
manufacturing  refuse,  by  the  occupants  of  dwellings,  shops 
and  factories  on  the  banks  of  the  stream,  and  to  like  action  on 
the  part  of  the  occupants  of  the  banks  of  tributary  streams 
falling  into  the  Hlackstone  river  in  Millbury;  (3.)  To  the 
putting  into  the  river  in  Worcester  above  Millbury  of  manu- 
facturing refuse  and  other  filth  by  riparian  occupants  who  put 
the  same  directly  into  the  river  and  not  through  the  sewers  of 
the  city  of  Worcester;  {4.)  To  sewage  collected  by  the 
sewers  of  the  city  of  Worcester  and  discharged  into  the  Black- 
stone  river,  without  treatment  to  remove  from  it  before  its  dis- 
charge the  offensive  and  polluting  properties  and  substances 
therein;  (5.)  To  sewage  discharged  from  the  chemical  pre- 
cipitation sewage  works  of  the  city  of  Worcester  and  there 
treated,  so  that  very  much  of  its  offensive  and  polluting  pro- 
perties and  substances  had  been  removed. 

Third  :  That  each  of  the  causes  specified  is  a  substantial 
factor  in  making  the  river  in  Millbury  dangerous  and  pre- 
judicial to  health  and  a  nuisance,  and  that  the  river  can  never 
cease  to  be  a  nuisance  while  the  old  deposits  of  mud  remain  in 
its  bed  and  ponds  in  Millbury,  nor  while  an  amount  of  the  un- 
purificd  sewage  of  the  city  of  Worcester  as  great  as  that  now 
discharged  into  the  river  shall  continue  to  be  so  discharged, 
while  the  discharge  of  the  treated  sewage  from  the  purification 
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works  of  the  city,  would  not  of  itself  alone  create  a  nuisance  in 
the  river  or  endanger  public  health  if  the  bed  and  ponds  of  the 
river  in  Millbury  were  cleaned  from  the  old  deposits  of  filthy 
mud,  and  the  other  causes  above  specified  ceased  to  act. 

Fourth  :  The  city  of  Worcester  has  acted  with  good 
faith  under  the  Statutes  of  1886,  Chapter  331,  and  did  within 
four  years  after  the  passage  of  the  said  statute,  establish  and 
put  in  operation  purification  works  which  upon  reasonable  in- 
vestigation were  apparently  well  designed  and  adapted  to  so 
treat  its  sewage  that  it  should  not  create  a  nuisance  or  en- 
danger public  health,  and  have  ever  since  kept  their  works  in 
operation  and  from  time  to  time  have  added  thereto,  and  are 
now  in  good  faith  considering  what  further  additions  thereto 
are  necessary  to  treat  its  sewage  as  required  by  the  act  cited. 

Fifth  :  That  in  fact  the  city  of  Worcester  when  this 
petition  was  filed,  and  prior  thereto  and  since,  to  the  time  of 
hearing,  has  not  effectually  treated  its  sewage  so  that  after  its 
discharge  into  the  Blackstone  river  it  has  not  been  a  substantial 
factor  in  creating  the  nuisance  and  danger  to  public  health 
above  found. 

And  now  upon  consideration  thereof  it  is  ordered,  ad- 
judged and  decreed  that  the  court  in  these  proceedings  now 
has  jurisdiction  or  equity  to  enforce  the  provisions  of  the  act 
entitled  "An  Act  to  Establish  a  System  of  Sewage  Disposal 
for  the  City  of  Worcester,"  approved  June  25,  1886,  and  that 
the  Respondent,  the  City  of  Worcester,  be  and  is  hereby 
ordered  effectually  to  remove  from  its  sewage,  before  it  is  dis- 
charged into  the  Blackstone  river,  the  offensive  and  polluting 
properties  and  substances  therein,  so  that  after  its  discharge 
into  said  river,  either  directly  or  through  its  tributaries,  it  shall 
not  create  a  nuisance  or  endanger  the  public  health,  and  that 
the  Respondent  shall  proceed  with  due  diligence  in  obeying 
this  decree. 

That  within  three  months  from  the  entry  of  this  decree  the 
Respondent  shall  file  in  this  cause  a  statement  of  the  steps 
which  it  has  taken  since  the  filing  of  the  petition,  and  that  it 
proposes  to  take  in  further  compliance  with  the  provisions  of 
of  the  Statute  of  1886,  Chapter  331,  and  that  upon  the  filing  of 
such  statement  the  Selectmen  of  Millbury  may  file  in  the  cause 
such  suggestions  as  they  may  be  advised. 
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That  this  cause  be  retained  in  court  for  such  further  pro- 
ceedings as  from  time  to  time  may  be  necessary  and  proper  to 
ensure  the  performance  of  this  decree  and  to  enable  the  court 
to  exercise  the  jurisdiction  conferred  by  the  statute  above 
cited,  and  with  liberty  on  the  part  of  either  party  at  any  time 
to  apply  to  the  court  for  such  orders  or  further  decrees  as  may 
from  time  to  time  be  necessary  and  just,  and  that  the  Respon- 
dents pay  to  the  Petitioners  their  costs  incurred  to  the  entry  of 
this  decree,  the  same  to  be  taxed  by  the  clerk. 

JAMES  M.  BARKER,  J.  S.  J.  C. 

Pittsfield,  December  14,  1896. 

Immediately  upon  receiving  the  order  from  the  court  in- 
vestigations were  begun  upon  the  course  to  be  followed  by  the 
city,  and  in  June,  1896,  City  Engineer  Frederick  A.  McCiure, 
presented  the  report  to  the  City  Council  in  which  he  recommen- 
ded that  the  entire  city  be  sewered  according  to  the  plan  known 
as  the  separate  system.  This  scheme  requires  two  sewers  in 
every  street,  one  to  receive  the  sewage  from  the  houses  and 
factories  which  would  have  its  outlet  at  the  purification  works, 
and  the  other  to  receive  the  surface  water  from  the  streets, 
roofs  and  brooks  and  discharge  the  same  into  the  nearest 
water  course.  This  plan  required  the  construction  of  two 
main  intercepting  sewers  running  nearly  parallel  with  Millbrook 
and  on  either  side  of  it.  The  west  main  carrier  starts  at  **Cam- 
bridge  street  running  through  Quinsigamond  avenue,  Lafayette, 
Washington,  Bradley,  Green,.  Franklin,  Vine,  Cherry,  Warren. 
Bridge.  Manchester,  Union  and  Exchange  streets  to  a  point 
near  Cypress  street.  From  this  point  two  short  locations  will 
be  required  through  estates,  and  by  using  existing  courts  and 
crossing  the  city  property  on  Thomas  street,  exit  can  be 
gained  on  School  street.  By  this  route  expensive  excavations 
will  be  avoided.  The  route  then  passes  through  School,  Main 
and  Salisbury  streets,  from  which  point  the  laterals  will  extend 
to  districts  not  drained  through  the  east  carrier," 

The  route  selected  for  the  east  carrier  is  through  Millbury 
street,  beginning  at  Cambridge  street.  Water,  Grafton,  Summer 
and  Lincoln  streets  to  a  point  in  the  vicinity  of  Sawyer's  lumber 
yard,  there  to  pass  through  the  rear  streets  to  Garden  street, 
thence  to  Trescott  street  and  crossing  south  of  Rural  cemetary 
to  Grove  street." 
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These  two  main  carriers,  terminating  at  the  corner  of  Cam- 
bridge and  Millbury  streets  and  at  the  corner  of  Cambridge 
street  and  Quinsigamond  avenue,  unite  at  this  point  and  from 
there  to  the  outfall  sewer,  the  sewage  is  carried  in  a  conduit 
constructed  inside  Millbrook  sewer. 

The  estimated  cost  of  this  system  is  as  follows  : 

East  main  carrier  with  laterals,  ....       8346,685 


West  main  carrier  with  laterals. 
Southern  and  western  districts, 
Millbrook  conduit. 
Flushing  tanks. 


270,534 
215,520 

45,000 

15,000 


Total, 8892,739 

This  construction  will  require  something  over  fifty  miles 
of  new  sewers.  The  following  conclusion  of  this  report  is  of 
especial  interest : 

**In  addition  to  what  has  been  said  in  regard  to  the  system 
of  separation  the  most  important  element  identified  in  the  con- 
siderations, relates  to  the  discharge  of  street  wash  into  the 
streams  through  the  surface  water  sewers.  This  feature  requires 
recognition  and  is  the  only  serious  phase  connected  with  the 
matter  of  separation,  as  a  plan,  there  is  to  contend  with,  but 
from  a  careful  study  of  the  various  schemes  to  isolate  from  the 
river  all  matters  of  objectionable  nature,  I  am  of  the  opinion 
that  a  separate  system  of  sewers  will  best  accomplish  the  de- 
sired result.  The  carrying  out  of  any  plan  yet  conceived  of 
thoroughly  disposing  of  all  waste  including  street  wash,  in 
the  vicinity  of  the  purification  works,  carried  doubtful  features 
of  utility  which  also  are  accompanied  by  questions  of  main- 
tenance that  raised  the  financial  aspect  to  such  proportions 
that  favor  the  plan  of  separation.  With  better  pavements  and 
the  inauguration  of  a  system  of  street  cleaning,  that  is  a  fact, 
this  one  phase,  I  believe,  can  be  disposed  of." 

After  this  report  had  been  presented  to  the  City  Council 
the  following  order  was  passed : 

•'Ordered:  That  the  City  Engineer  be  and  he  is  hereby 
authorized  and  empowered  to  confer  with  such  sanitary  en- 
gineer and  chemical  expert  as  he  may  deem  best  upon  the 
question  of  sewer  separation,  with  the  request  to  report  the 
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conclusions  arrived  at  to  the  City  Council,  the  expense  of  the 
same  to  be  charged  to  the  appropriation  for  sewer  construc- 
tion." 

In  obedience  to  this  order  Samuel  M.  Gray,  of  Providence, 
R.  I.,  a  distinguished  civil  engineer,  who  has  made  a  specialty 
of  sewage  disposal,  and  Thomas  M.  Drown,  president  of 
Lehigh  University,  formerly  at  the  head  of  the  department  of 
chemistry  at  Massachusetts  Institute  of  Technology  and 
chemist  of  the  Massachusetts  State  Board  of  Health,  were  ap- 
pointed to  consider  the  problem  of  separation. 

The  following  recommendations  of  these  experts  are  of 
particular  interest : 

*'We  recommend  as  the  first  step  toward  the  permanent 
and  satisfactory  solution  of  the  question  of  the  disposal  of  the 
sewage  of  the  city,  that  intercepting  sewers  be  built,  and  that 
the  present  combined  system  be  connected  with  these  inter- 
ceptors. The  entire  dry  weather  flow  of  the  sewage  would 
then  be  taken  to  the  precipitation  works  and  no  sewage  would 
enter  Millbrook  except  in  the  time  of  storm  when  the  overflow 
of  storm  water  would  be  discharged  into  it.  This  overflow 
would  contain  some  sewage,  but  it  would  be  very  dilute  and 
the  duration  of  its  discharge  into  Millbrook  would  be  short. 

When  these  intercepting  sewers  are  completed,  there  will 
be  an  immediate  improvement  in  the  condition  of  the  river 
from  two  causes.  There  will  be  as  before,  storm  overflows, 
but  there  will  not  be,  as  at  present,  offensive  deposits  of  sludge 
in  Millbrook,  to  be  washed  out,  and  the  sewage  which  will  be 
carried  into  the  river  from  the  overflow  will  be  more  highly 
diluted  than  formerly. 

It  is  not  probable,  however,  that  all  cause  for  complaint 
will  be  thus  removed,  for  a  certain  amount  of  sewage  will  still 
pass  into  the  river  at  each  overflow.  Whenever  an  injurious 
pollution  of  the  river  is  caused  by  this  sewage,  it  will  be 
necessary  to  parallel  the  existing  combined  system  of  sewers 
with  a  separate  system,  leaving  the  present  sewers  to  carry  the 
storm  water  only,  which  will  then  flow  directly  into  Millbrook. 

To  what  extent  this  will  be  required  can  only  be  decided 
by  experience.  The  gov^erning  condition  will  always  be  the 
state  of  the  river  as  affected  by  the  amount  of  crude  sewage 
passing  into  it. 
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We  therefore  advise,  that  the  city  take  measures  to  provide 
for  a  gradual  change  from  the  combined  to  the  separate  system 
of  sewerage,  and  that  this  change  be  carried  on  until  the 
amount  of  crude  sewage  flowing  into  the  river  shall  be  in- 
appreciable. 

We  further  advise  that  the  practice  which  you  have  already 
adopted  of  sewering  the  new  portions  of  the  city  on  the 
separate  system,  be  continued. 

There  is  a  difference  among  experts  as  to  the  pos- 


sibility of  this  effluent  from  the  precipitation  works  causing  a 
nuisance  in  the  river  by  reason  of  the  organic  matter  and  lime 
which  it  holds  in  solution.  The  question  is  so  complicated  by 
the  impure  condition  of  the  river  that  it  is  impossible  to  prove 
that  it  is  or  is  not  harmful.  We  think  the  weight  of  evidence 
is  on  the  side  of  its  harmlessness  and  this  would  seem  to  be 
the  opinion  of  the  court  in  its  recent  decree,  in  which  it  said : 

* While  the  discharge  of  the  treated  sewage  from  the 

purification  works  of  the  city  would  not  of  itself  alone  create  a 
nuisance  in  the  river  or  endanger  the  public  health,  if  the  bed 
and  ponds  of  the  river  in  Millbury  were  cleaned  from  the  old 
deposits  of  filthy  mud,  and  the  other  causes  above  specified 
ceased  to  act.* 

But  as  long  as  any  uncertainty  exists  as  to  the  effect  of 
this  effluent  on  the  river,  it  seems  to  us  wise  to  have  experi- 
ments carried  on  by  the  city  in  filtering  this  effluent  on  proper- 
ly prepared  filter  beds,  and  we  recommend  that  ten  acres  of 
land  which  the  city  now  owns  and  which  is  admirably  adapted 
for  the  puposes  of  filtration,  be  prepared  by  grading  and  under- 
draining  to  serve  as  experimental  filter  beds. 

The  cost  of  the  interceptors  would  be,  according 

to  our  estimate,  $293,500.  A  complete  system  of  separate 
sewers  would  cost,  in  addition  to  the  above  about  S6oo,ooo." 

The  report  of  these  experts  was  filed  by  the  city  as  its 
answer  to  the  verdict  of  the  court  and  the  plan  bcini^  accepted 
by  the  court  is  what  the  city  is  under  obligation  to  carry  out 
at  the  present  time. 

It  has  been  deemed  wise  however,  to  carry  out  a  portion 
of  the  engineer's  report  in  regard  to  comi)lete  separation  and 
a  large  amount  of  work  has  been  done  and  the  work  which  will 
be  accomplished  during  the  coming  season  will  without  doubt 
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"he  ci-y  ■Hrcurrr'i  from  "hr:  i'^'^'.-r.at.r*  L-it^ior-tx  t:.:  b«:-:'^':'.v  <:»  .r- 
-^uie  *hr:  ^itiot  limit  trhrt  *um  «jf  -jae  mil.i-.n.  iilLLTf  f  :'<r  ZA-t  c-"- 
pt>«^  or  carry in-^  out  the  r'i':.jmm':in.iarion.  A  cLt-.'^e  w  l- 
inr^^jftrrd  I  a  th.rt  ^ct,  h<iW^:vr:r.  tran-^ferTa^  ihe  Iootl:?  •«>.::  £t  h.i : 
h>Tj-:n  nryi'^tiated  For  :ht:  con-rtricti'-in.  or  cae  a  mncarioi  -Fv^t-^r.i 
to  thi.>  authorized  loan,  ^w  that  «.>nly  Sortj^oo  wer*  acualLy  ava:'- 
ablc  for  the  purpo^n:  of  scoararion.  Work  was  rrnrnciMr-r!;-" 
bci^nn  upon  the  con'i'Jt  in^i'ie  Millbroik  nnninq^  fr-ru  C*  ''^-" 
^ii'amond  to  Cambridu'e  street,  an<i  al.-o  ;i;:on  the  S'^uth  Worces- 
ter  an*!  VVe>t  .>i<ie  -^paratin^^  >y'?tf:m.  At  the  present  time  t'^.e 
uork  of  re^^werini^  the  >>uth  Worcester  district  is  complete 
anrl  the  We>t  Side  system  is  complete  as  far  north  as  IMeasant 
street  and  v\ork  is  in  pro;;4re'*s  upon  orders  which  will  com- 
plete the  separation  in  this  ejection  of  the  city. 

The  construction  of  the  main  interceptinij  sewers  had  beer 
i^ushed  continuou>lv'  from  the  time  the  work  was  beOTin  and 
bt.fore  the  middle  of  the  summer  it  is  hoped  to  have  them 
coiiiplete  a^  fir  n<jrth  as  Franklin  street  on  the  west  side  and 
Winter  street  on  the  ea^^t  side.  It  is  very  necessary  that  work 
oil  th^-  iiit<:rcf.ptini(  sewers  sh<juld  be  continued  until  they  are 
(.nu\])\rU:  as  before  that  time  the  work  done  will  be  of  little 
nsr.  Work  has  also  been  done  in  preparation  of  a  few  acres  oi 
\V.U'y  \)t'j[^  al  ^Juinsi^^rimond  for  the  purpose  of  experimenting^ 
on  hitratioM  of  the  cttluent  and  sewa^^e,  and  these  filters  will  be 
'ojn J ;.':*(•  aipj  ready  lor  o[)eration  before  summer. 

1  hr  rii' thod  of  sewat^e  treatment  adopted  by  the  city  in 
\/'^')  .i\\<\  wiiirh  is  beini^  carried  out  today  is  that  known  as 
f  ii'tinw  .1!  or'-Mj)itaiion.  This  method  is  based  upon  the  fact 
tii.it  vvli'-u  .hitaljle-  chemicals  are  added  to  sewage  a  coagulation 
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tanks  for  5tonur*i  mm  »-t-:^  r  i  ,^-izz:  'tt:  Lr^  .  *'  :  -t:t-  en- 
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slight  this  pric:i:ir*itL-  *.  ufunii-i  .j:  ■- -  .rr:  ::::'.•  n  ••::.»t  ii 
the  bott'>Ti,  wn:i:n  t  ii»-:.  'am' r  ^  :.:-  r  Ui-^  rnn»*rt.«i-  i 
the  se»a;^e  r.i  "lie  iottuti  i.:-»i  ».r.  i  -a.  r;-:;:-  :..".hl  »r.«.'  t 
coraparative'y  citTtr.  7*it'  -'-v.-,-;-*  <  i.!  >  •..•  i  u  L.-ir  Mnt.nii- 
oiisly  thro<:^"ti  "ill*  irihiii'-  *nti*r::;  ir:r  -n  t  \t  i^'*  ir  .it»m  t:ii: 
flowinu^  o:*t  at  riie  -iurrn*.-  it  At-  irii-r  -n.i  iitjI  iit-nr.*  -i,  -:ie 
Blackstone.  Arr.ir  ::ie  i**Mn>  v.^v  -  .«• -n  it  i---  r  .m  .nr't,  Mr**i 
davs  it  K  f  unii  riiar  ::ie -'•^'limfnt  n  ::fni  !.•.-  ne-r*;t^T*«:  -,  ..m 
an  extent  that  they  Tiu»-f  le  'i-.int*:!  7  i>  »•  :i'nt*nr  ,r  iTiii  ir. 
the  bottom  "jt  rile  bail  ins  s  "trriinir.**!'-  ;.ii.'\'i  u-  *«:•:*  I-  > 
pumped  from  rhe  nerr.in^    :;t.*-in-    v  n^n    r    -   ni.iiis    t.:*  kt   .«*  , 
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settle  and  a  quant. r.'  'Zt  ntiir  v  ir.tr  >-  trrv  i  .»:  :n-  .  "v:  -^  -  .-r 
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water  is  squeezeii  out  :.- :m  Wtt  -it  •  .:  m.i:"-^-  -«.  -  •.  ir  "r.-:  -!  .  i^e 
contains  on  I V  from  CC';  %;  '^^  7  ^^  '.-.r  .r-t  1 1  '/  -  •:  ,r  iit-.-r 
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to  filter  beds  where  it  ia  y.z'^ttii  .r.  '.it  --.it  :  \  ly  v-  "i^ie  errjc:rit 
or  sewage  would  be. 

By  chemical  pre.tlpit.ir: -jT.  .i!i...  .*:  ^: 'T  •::  :h-j  rl-itir'^  or 
solid  impurities  are  remo. -^i  fr  .■-".  :'-:e  -«:  '.  i^e  m  i  j.  vev  >i:mI1 
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putrescible  matter. 

The  organic  matter  which  ren:i:n>  ir.  :ho  cr**uont  i>i  nvMil\ 
all  in  solution  so  that  the  watc-r  KK>'rv>  c!i.  ir  .uui  [>inv'  I  hi. 
effluent   can    be    further     purined    by    iatciinittcnt    hit n: ion 
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To  the  Honorable  City  Council  of  the  City  of  Worcester. 

In  compliance  with  Section  21,  Chapter  34,  of  the  City  Ordi- 
nances, the  following  report  of  the  work  and  the  condition  of 
the  Sewer  Department  for  the  fiscal  year  of  1900  is  prepared. 

Respectfully  submitted, 

HARBISON   P.  EDDY, 

Supeiintendent  of  Sewers. 

Office  of  the  Sewer  Department,  December  15,  1900. 
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Coiuurilmaa  Jowr  H.  Co9:arBiXT. 


REPORT  OF  THE  SUPERINTENDENT  OF 

SEWERS. 


A  rery  large  amount  of  work  has  been  done  daring  the 
rear  1900.  The  constmction  of  seventeen  miles  of  sewers, 
sev^al  of  them  large,  deep,  and  presenting  many  dif&cnlties, 
together  with  the  treatment  of  the  sewage  and  the  ererin- 
creasing  amount  of  work  necessary  for  the  proper  maintenance 
and  operation  of  the  system,  has  required  large  expenditures 
and  the  employment  of  a  large  force  of  men. 

Daring  the  season  of  the  year  when  outside  work  could  be 
done  the  number  of  men  employed  has  averaged  553,  and  the 
maximnm  number  on  the  rolls  was  646,  for  the  week  ending 
Aug.  24,  1900. 

The  excavations  have  in  several  cases  been  very  deep,  a 
maximum  of  about  thirty  feet  being  reached  in  Grafton  street. 
A  variety  of  material  has  been  encountered.  Much  of  the  time 
work  has  been  carried  on  in  rock,  quicksand,  and  peat  or  muck; 
in  the  latter,  piles  had  to  be  driven  to  provide  suitable  founda- 
tion for  the  construction.  Ground  water  has  been  found  on 
almost  every  piece  of  work,  and  has  required  constant  pump- 
ing. 

The  financial  statement  is  presented  in  Table  I,  which  shows 
appropriations  and  revenues  available  for  the  use  of  this  de- 
partment, amounting  to  {516,444.04,  of  which  |4S9,173.01  has 
been  expended. 
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ApproprUitfoni     4^00  OIKf    4M91  4^     60,000  00:: i  0«0,000  00 


Bereirae. 


4,202  00        08,054  78  >       M^  80 


1 

3,741  43! 

I 


107  63 
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Total  ezpen'd       60,382  82     140,677  76  i     61,160  28         87,466  61     173,667  24 


BaL  Dec.  1,  'OOi       #748  02 


096,620  38 


*  1 1   Of  these  aoMmnu  13,500.  SlO.OOO  and  K.OOD  were  taken  from  lieenae  money  respeetirely. 

The  reveiiDe  appearing  as  credited  to  the  account  of  con- 
0tniction  arises  largely  from  the  system  employed  for  provid- 
ing tools  and  supplies.  For  this  purpose  a  shop-account  is 
kept,  and  all  supplies  are  charged  to  this  account  until  used. 
In  addition  to  this,  the  cost  of  delivery  and  of  carpenter  and 
machine  work  done  is  charged  to  this  account.  Each  month 
bills  are  made  out  in  favor  of  the  shop,  and  are  charged  to  the 
work  upon  which  the  materials  are  used.  By  this  method, 
supplies  can  be  purchased  at  much  better  prices  than  when 
they  are  obtained  in  small  quantities  for  individual  require- 
ments. 

Following  is  a  schedule  of  the  lengths  of  sewers  built  under 
the  accounts  of  construction  and  separation,  together  with 
the  number  of  man-holes  and  catch-basins: 

General  Ck)NBTBncTiON. 


Sewers   5.117  miles. 

Surface  water  drains  1.405     " 

Total  6.522     " 


SUPEBnrrEXDENT     OF     8SWERS.  7 

Sbpabatiko  System. 

Sewera 8.487  milefik 

Bnrface  water  drains 1.998     '' 

Total 10.485     " 

Trunk  Sewers. 

Sewers   2.716     " 

Snrface  water  drains 349     ** 

Total  3.066     " 

Total  miles  of  sewers 17.007     " 

Total  nnmber  of  man-holes  bnilt 621 

Total  nnmber  of  catchbasins  bnilt 166 

Mnch-needed  improvement  of  the  shop  and  storage  quarters 
has  been  afforded  by  the  purchase  of  the  land  and  buildings 
formerly  occupied  by  Darling  Brothers,  and  adjoining  the 
property  used  by  the  Sewer  Department  on  East  Worcester 
street.  This  additional  room  has  been  developed  gradually 
since  it  was  acquired.  The  machinery  has  been  moved  from 
the  old  building  to  the  second  floor  of  the  shop-building  of  the 
new  property,  and  the  lower  floor  of  this  building  has  been 
fitted  up  as  a  store-room. 

While  the  work  of  the  department  is  now  well  accommo- 
dated, there  is  no  more  room  than  is  actually  needed,  and  in 
fact  one  of  the  buildings  should  be  torn  down  in  the  near 
future  to  provide  more  yard  room. 

One  of  the  wooden  buildings  of  the  newly-acquired  property 
has  been  fitted  up  as  a  stable.  It  is  not  a  suitable  place  to 
keep  horses  in,  and  should  be  replaced  by  a  good  stable  as  soon 
as  possible. 

The  machinery  and  tools  are  in  good  condition,  although 
some  of  the  hoisting-engines,  which  have  done  service  for 
many  years,  will  soon  have  to  be  replaced  by  more  modern 
machines.  Three  Carson  excavators  have  been  hired,  and  the 
three  owned  by  the  department  have  been  in  use  throughout 
the  season.  From  two  to  four  hoisting-engines  have  been 
hired  as  the  work  required. 
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SUPERINTENDENT      OF     SEWERS.  9 

The  stock  used  in  the  constroction  of  sewers  and  the  treat- 
ment of  sewage  has  been  very  similar  to  that  nsed  last  year, 
and  the  quantities  are  not  very  different.  Table  n  gives  the 
quantities  purchased  and  the  contract  prices  paid  for  the  same 
during  the  last  four  years. 

Testing  Laboratory. 

Laboratory  work  has  been  continued  as  in  previous  years, 
and  the  results  have  proved  of  substantial  benefit.  When  the 
contract  for  Portland  cement  was  changed  in  May,  the  brand 
of  cement  was  also  changed,  and  considerable  difficulty  was 
experienced  in  obtaining  cement  of  the  quality  which  would 
satisfy  the  specifications  of  the  contract.  After  making  care- 
ful tests,  it  was  found  necessary  to  reject  each  of  the  first  nine 
cars  of  Portland  cement  delivered  by  the  contractor.  After 
this  the  cement  came  better  and  there  were  very  few  rejec- 
tions. 

The  method  of  testing  cement  remains  the  same  as  reported 
last  year,  except  that  steel  spatulas  are  used  for  packing  the 
paste  into  the  moulds,  rather  than  the  wooden  tampers  for- 
merly  used.  The  records  of  cement  test  given  in  Tables  III, 
IVy  y  and  Vt  are  the  results  of  all  the  tests  made.  The  long- 
time tests  are  especially  interesting.  It  should  be  noticed  that 
nearly  all  the  brands  of  Portland  cement  tested  show  a  decline 
in  tensile  strength  at  the  end  of  eighteen  or  twenty-four 
months. 
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RECX)RD  OF  TESTS   ON   PORTLAND    CEMENT— NEAT.    DEOEM- 
BER  1,  1890,  TO  DEOEHBER  1,  1900. 
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Rainfall  records  have  been  kept  at  the  puriflcatioD  worita, 
and  a  Btndj  of  their  intensity  is  presented  in  Table  VIII. 
The  total  rainfall  is  somewhat  above  the  normal,  although 
several  inches  less  than  recorded  at  either  the  Lynde  brook 
or  Holden  reser\-oirs.  The  comparative  frequency  of  rains  dur- 
ing which  the  maximum  2fl-minute  precipitatioa  exceeded  one- 
half  inch  1b  a  matter  of  interest  and  worthy  of  consideration. 

The  work  done  in  the  laboratory  has  been  more  varied  than 
in  former  years.  A  large  number  of  tests  and  analyses  have 
been  made  for  other  departments.  This  work  has  been  done 
under  the  immediate  direction  of  the  chemist,  Mr.  Edward  L. 
^mith,  to  whom  special  credit  is  due  for  the  careful  and  accu- 
rate work  done. 
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Period  of  Greatest 
Precipitation. 


Bonn. 


From 


December 

2 

2.7 

8.40  AM. 

<• 

IS 

2.8 

1.00  P.1I. 

M 

15 

9.0 

1.20  A.11. 

(* 

18 
20 

t* 

5.3 

2-00  P.H. 

•  • 

24 

lao 

12.0011. 

Januaxj 

1 

7.8 

a40AJc. 

«• 

6-7 

2.8 

ia40pji.of  6th, 

•« 

11 
11-12 

•• 

a7 

8.00  r.x.  of  iitb. 

•« 

14 

5.7 

4.20  P.X. 

»t 

16 

8.8 

aoo  A.M. 

ti 

20 

16.7 

6.90  A.M. 

»< 

21 

.8 

1.40  AJI. 

•« 

25 

10.7 

9.00  A.X. 

M 

28.29 

14.0 

a40  P.H.  of  28tb. 

February 

4.5 

14  0 

7.00P.X.  of   4th. 

«* 

8-9 

23.6 

1120A.X.  of   8th. 

«4 

12-18 

2&0 

5.00  P.M.  of  12th» 

■  • 

17.18 

16.8 

4.20  P.X.  of  17th. 

«* 

22 

12.3 

1.20  A.X. 

•« 

24.25' 

7.0 

10.20  P.X.  of  24th, 

Marcli 

1 

23.0 

1.00  A.X. 

«• 

4 

ao 

12.40  PJl. 

1* 

7-8 

21.7 

6.40P.X.  Of   7th. 

** 

15.16 
19-20 

4t 

7Ji 

7.00  P.X.  of  19th, 

t« 

26-27 

10.0 

5.00  P.X.  of  26th, 

April 

S 

&0 

4.00  ▲.x. 

•4 

12 

8.7 

10.40  A.X. 

44 

17 

4.0 

10.20  A.X. 

•4 

18 

7.3 

2.00  4.x. 

•  4 

18-19 

11.4 

5.20  PJI.  of  18th. 

44 

22 

8.0 

3.20  A.X. 

44 

28 

40 

9.20  PJl. 

44 

80 
8 

Hay 

8.3 

4.00  AJI. 

•  4 
44 

8 

4 
8 

1.7 

5.00  pjf . 

44 

27 

8.20  A.X. 

44 

8 

2.7 

8.00  P.X. 

44 

18-19 

8a7 

4.40  P.X.  of  18th. 

4« 

21 
8 

Jane 

1.8 

4.00  A.X. 

44 

8 

90 

2.00  P.X. 

44 

11 

1.3 

6.20  P.X. 

44 

14 

10 

6.40  A.X. 

4* 

14 

2.8 

9.00  A.X. 

44 

17 

1.0 

3.20  p.x. 

4« 

22-28 

13.7 

I.40p.x.of  28nd, 

44 

28 

1.7 

11.20  A.X. 

44 

28 

1.7 

6.40  p.x. 

July 

•  7 

.....* 

44 

8 
12 

44 

2.7 

4.20  P.X. 

•  4 

15 
25-26 

44 

23.3 

5.00  P.X.  of  25th. 

Augost 

6 

2.0 

10.20  P.X. 

•  • 

7-8 

8.7 

7.40  P.x.  of   7lh. 

41 

10 

.7 

3.40  P.X. 

.4 

12 
13 

•  4 

1.3 

10.20  p.x. 

44 

15 

2.8 

12.40  P.X. 

4> 

16 
17 

4* 

.3 

i.o6p.x. 

•  • 

18 
•  16 

JSeptembei 

10.7 

1.20  AJI. 

4< 

17 

1.7 

5.00  P.M. 

4| 

18 

5.7 

12.20  A.X. 

44 

20 
2021 

44 

5.8 

8.40  P.X.  of  20th, 

•  4 

27 

4.0 

12.40  A.X. 

44 

80 

4.3 

12.40  A.X. 

4t 

24 
27 
28 

8 

9 
10 
24 
27 
28 

8-0 

*4 

44 

October 

44 

44 

(• 

44 

44 

November 

99.3 

S.<IOa.x.  of   8th. 

•  4 

19 
20 
21 
22 
24-25-26 

44 

4t 

14 

44 

42.7 

7.40  P.X.  Of  24th, 

•4 

1?7 
28-29 

It 

**ta3* 

9.00  P.M.  of  2Sth. 

.18 
.42 

.60 

♦.06 
.84 
.88 

•.20 
.07 

t.05 
tl.42 

•.12 
.28 
.78 
.04 
.43 

f.9l 

1.14 
.96 

8.03 

+.82 

1.05 

1.68 

3.22 
.08 

+.44 

+1.87 

.31 

•.20 
.43 
.56 
.18 
.27 
.65 
.06 
.86 
.08 

1.29 
.18 
.04 
.15 
.29 

1.86 
.10 
.22 

1.64 
.14 
.07 
.26 
.20 

1.15 
.44 
.53 
.09 
.06 
.41 
.10 

2.15 
.26 
.81 
.27 
.02 
.80 
.96 
.18 
.20 
.20 

1.20 
.14 
.18 
.W 
.37 
.19 
.19 
.18 
.17 
.W 
.59 
.79 
.13 
.13 
.17 
.04 

1.39 
.13 
.06 
.24 
.08 

2.44 
.08 
.4(5 


.044 
.183 
.065 


.064 
.027 
.027 
.074 


.163 
.021 
.070 
.047 
.120 
.040 
065 
.081 
040 
.117 
.020 
.065 
.233 
.140 
.015 
.000 


.042 
.020 
.058 
.067 
.045 
.087 
.067 
027 
.088 


.155 
.106 


.056 
.107 
.061 


.169 
.182 
.108 
.070 
.113 
.200 
.084 
.250 
.312 


.002 
.ISO 
.093 
.390 


.600 


.112 
.«»<2 


.070 

.ma 
.014 


.89 
.18 


.18 
.18 
.09 
.12 


.42 


.12 
.69 
.12 
.80 
.12 
.81 
.12 
.63 


.30 

138 

.78 


.09 


.09 
.06 
.18 
.12 
.09 
.12 
.27 


.15 


.48 
.27 


.09 
.21 
.93 


.51 
.60 
.12 


1.3 


2.0 
20 


7.0 


1.40  P.X. 


2.20  p.x. 
4.00  P.X. 


9.00  p.x.  of  1 1th 


ao 


2.0 

10.4 

4.0 

9.0 

17.0 


a7 
as 

10.0 


7.00  A.X. 


li.OOA.X. 

&20PJI. 
11.40  P.X. 

aso  P.X. 

9.20 


of  28th 
of  4th 
of  8th 
Of  12th 


a20 

10.40  P.X.  of  24th, 
10  20  A.X. 


ia3 

8.7 


a7 

63 

ao 


7.40A.X.  of   7th. 
9.06  P.X.  of  i9th 


520  A.X. 

11  OOA.X. 

.laoo  M. 


ao 


12.40  A.X.  of  18th. 


.7 
57 


.63 
.M 
.54 

.78 
1.29 


ao 


.3 
.8 


.3 


.152   I 


.72 


2.49 
.54 
.54 
.00 


1.7 


1.7 
.3 

5.0 
.3 


.231        .69 
.417   ,  2.19 


.60 


.3 

.7 


.27 
.21 
.21 


.51 
.12 
.08 


7.0 

.8 

1.0 


.7 
1.3 


9.40  P.x. 

4.40  P.X.  of  18th, 


5.(X)  P.X. 


ll.(X)A.X. 

a  20  P.x. 


6  40  p.x. 


4.20  P.X. 


5  00  P.M.  of  a^th, 

10.20  P.M. 
8.20  P.m.  of   7lh. 
3.40  p.x. 


11.00  p.x. 
1.20  p.x. 


2.00  A.X. 
?>.'}0  P.M. 
2.40  A.M. 


8.40  p.x.  of  201  h 
2.20  A.M. 


1 

1 

.,.,,,    

1 

1 

.03(5 

.87 

4.7 

4.WP.X.  of    8th. 

1 

■ 

.057 

.36 

*  i2.6 

a 00  A.x.  of  26th. 

.o-i? 

"."is' 

"\i'.7 

9.20  P.M.  of  28th. 

•Snow.       tSnow  and  rain.        ^^te  per  hour  in  Inches. 
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Maintenance. 

A  large  number  of  catch-basins  have  been  boilt  during  the 
year.  Of  these  75  have  been  charged  to  the  account  of  sewer 
maintenance,  and  39  to  the  account  of  sewer  construction.  It 
has  been  the  policy  of  the  department  to  build  as  many  catch- 
basins  as  possible  with  the  money  available,  selecting  loca- 
tions where  they  were  most  necessary.  An  effort  has  also 
been  made  to  build  all  the  basins  that  wiU  ever  be  required  in 
the  streets  which  have  been  improved  by  paving  or  macadamis- 
ing. The  total  number  of  basins  built  during  the  year  is  133; 
of  these  31  have  been  built  at  the  exi)en6e  of  outside  parties, 
and  5  were  old  basins  rebuilt,  leaving  a  net  increase  in  the 
number  of  catch-basins  of  128. 

The  large  number  of  basins  built  each  year  of  course  adds 
to  the  work  of  cleaning,  and  to  meet  this,  increased  appropria- 
tions should  be  made.  In  the  past  twelve  months,  16,321  cubic 
yards  of  refuse  have  been  removed  from  the  catch-basins.  It 
is  very  necessary  that  they  be  cleaned  often,  so  that  they  may 
be  in  a  condition  to  take  the  water  running  in  the  gutters,  and 
also  that  they  may  be  able  to  hold  back  the  detritus  carried 
by  the  water,  so  that  it  may  not  enter  the  sewers  and  be  de- 
posited in  them.  The  cost  of  removing  a  cubic  yard  of  this 
material  from  the  sewers  is  many  times  that  of  removing  a 
like  amount  from  the  catch-basins. 

The  great  increase  in  the  extent  of  the  sewer  system  of 
course  adds  materially  to  the  cost  of  cleaning,  and  the  various 
automatic  devices  required  for  the  proper  working  of  the  sys- 
tem must  receive  considerable  attention.  Flushing  and  scrap- 
ing have  been  systematically  continued  throughout  the  year. 

The  large  amount  of  work  done  under  ground  by  the  New 
England  Telephone's:  Telegraph  Company,  and  the  Worcester 
Electric  Light  Company,  has  necessitated  extensive  repairs 
upon  catch-basins.  The  locations  for  wire  conduits  have,  for 
the  most  part,  been  near  the  curb.  At  first  the  basins  inter- 
fered with  by  the  conduits  were  rebuilt  in  the  sidewalks,  but  as 
this  location  proved  very  unsatisfactory  it  was  decided  to  keep 
the  conduits  at  least  four  feet  away  from  the  curb  and  adjust 
the  shape  of  the  catch-basins  to  mccft  this  condition.    The  cost 
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of  all  these  changes  and  repairs  is  paid  by  the   corporation 
causing  them. 

The  section  of  Millbrook  which  lies  just  north  of  the.  yard  of 
the  W.  H.  Sawyer  Lumber  Company  has  been  covered  with  a 
temporary  roof.  This  will  prevent  the  escape  of  offensive 
vapors  from  the  sewer  into  the  air  in  this  vicinity,  and  is  un- 
doubtedly much  appreciated  by  the  residents. 

As  has  been  pointed  out  several  times  before,  the  sewer  in 
Shrewsbury  street,  opposite  East  park,  for  a  distance  of  about 
1,000  feet,  has  settled  badly,  and  should  be  rebuilt  as  soon  as 
possible.  The  sewage  carried  by  this  sewer  is  very  foul,  and 
much  solid  matter  is  deposited  in  the  depression.  This  decom 
poses  and  gives  rise  to  very  offensive  odors,  which  find  their 
way  into  the  air  in  the  immediate  neighborhood,  and  are  a 
source  of  much  annoyance.  A  portion  of  this  sewer  is  so  badly 
cracked  that  braces  are  set  once  in  four  feet  to  sustain  the  arch. 
There  is  danger  of  the  arch  giving  way  notwithstanding  this 
precaution,  and  if  this  should  happen  in  the  winter,  repairs 
would  be  made  with  difficulty.  If  it  should  occur  during  a 
freshet  considerable  damage  might  be  done. 

Another  menace  to  the  safety  of  property  exists  in  the  con- 
dition of  Millbrook.  While  this  structure  is  in  as  good  condi- 
tion as  ever,  it  is  not  safe.  The  bottom  is  paved  with  small 
stones  not  laid  in  cement.  Large  holes  are  washed  out  every  year 
at  the  points  where  the  lateral  sewers  enter,  and  these  are  re- 
filled with  stones.  In  such  cases  the  arch  is  liable  to  fall. 
Should  there  be  a  serious  break  of  this  kind  in  time  of  freshet, 
when  indeed  it  is  most  liable  to  occur,  the  extent  of  the  damage 
would  be  very  great. 

An  illustration  of  this  was  furnished  this  year,  when  the 
arch  fell  in  at  the  corner  of  School  and  Union  streets.  The 
scour  of  the  discharge  froni  the  School  street  sewer  has  fre- 
quently made  large  holes  in  the  bed  of  Millbrook.  As  a  nat- 
ural result  the  bedstones  upon  which  the  arch  rested  were  un- 
dermined until  they  finally  settled,  releasing  a  number  of  the 
ring  stones.  A  similar  condition  exists  all  along  the  channel, 
except  where  it  has  a  permanent  paving.  Consequently  a 
break  is  liable  to  occur  at  an}  time.  The  bottom  of  this  sewer 
should  be  paved  with  Portland  cement  concrete  as  soon  as 
possible. 
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Agide  from  these  two  inBtancefl  of  defective  sewers  the  sys- 
tem is  in  very  good  condition. 

A  classification  of  the  expenditnres  in  the  sewer  maintenance 
account  is  as  follows : 

Money  Expended  in  Different  Diyibions  of  Maintsnance. 

Total  cost  of  new  catch-basins  built |3,901  80 

Total  cost  of  repairing  old  basins,  man-holes  and 

sewers 3,860  50 

Total  cost  of  cleaning  sewers  and  catch-basins 15,588  05 

Total  cost  of  work  chargeable  to  other  parties 5,672  40 

Rental    and   purchase  of   East   Worcester   street 

property  20,285  00 

Expense  of  covering  Millbrook 675  07 

Margaret  0*Brien,  damages,  walling  sewer,  Bradley 

street 400  00 

Total  $50,382  82 

It  will  be  noticed  that  |30,934.27  was  expended  for  the  pur- 
chase of  additional  property  on  East  Worcester  street,  the  cov- 
ering of  Millbrook,  damages  in  the  case  of  Margaret  O'Brien 
vs.  City  of  Worcester,  building  new  catch-basins  and  doing 
work  at  the  expense  of  outside  parties,  leaving  the  sum  of 
119,448.55  as  the  net  cost  of  repairs,  cleaning  and  strictly  main- 
tenance charges.  This  amounts  to  |128.06  per  mile  of  sewers, 
including  2,288  catch-basins. 

In  considering  these  figures  it  should  be  remembered  that 
the  grades  of  many  of  the  streets  are  very  steep,  and  that  there 
are  hundreds  of  catch-basins  which  have  to  be  cleaned  after 
every  storm. 

Oonstkuotion. 

During  the  year  6.522  miles  of  sewers  have  been  constructed 
and  charged  to  this  account.  Upon  these  sewers  151  man- 
holes and  9  catch-basins  have  been  built.  The  total  sewer 
system  now  includes  151,086  miles  of  sewers,  5,807  man-holes, 
and  2,288  catchbasins. 

There  have  been  475  permits  issued  during  the  year  for  con- 
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nection  with  the  public  sewera.    Of  these,  341  were  for  sewage, 
98  for  surface  water,  11  for  repairs,  and  25  were  not  used. 

Following  is  a  brief  schedule  of  property  for  which  the  de- 
partment  is  responsible: 

Personal  property |68,063  87 

Stock  on  hand 11,359  48 

Buildings  and  machinery,  East  Worcester  street . .  10,166  60 

Land,  1,700  feet  on  Hammond  street 425  00 

Land,  18,060  feet  on  East  Worcester  street 7,224  00 

Land,  33,221  feet  on  East  Worcester  street 13,300  00 

Total  1110,538  95 

Purification  Works: 

Land 154,016  75 

Buildings  and  machinery 32,925  00 

186,941  75 

86,941  75 
Sewer  system,  including  cost   of   sewers,   catch- 
basins,  etc 4,690,384  90 

(4,887,865  60 

Considerable  advance  has  been  made  toward  sewering  Green- 
dale. 

Work  on  the  trunk  sewer  has  been  prosecuted  continuously 
since  early  spring,  and  during  the  fall  work  was  being  done  on 
several  sections  at  the  same  time.  Before  the  season  has 
closed  it  is  expected  to  complete  the  trunk  sewer  to  a  point 
nearly  as  far  north  as  Summerhill  avenue. 

This  sewer  was  originally  ordered  in  West 
Boylston  street  as  far  as  Summerhill  avenue. 
Before  the  work  had  been  completed  to  Barber's 
Crossing,  however,  the  owners  of  the  various  fact- 
ory properties  petitioned  for  sewer  accommodations  in  the  rear 
of  their  buildings  along  Barber  brook,  which  is  at  a  much  lower 
level  than  it  was  contemplated  building  the  trunk  sewer  in 
West  Boylston  street.  A  large  district  lies  northerly  of  this 
property  which  is  too  low  to  drain  into  the  sewer  designed  for 
West  Boylston  street,  and  it  was  intended  to  run  another  trunk 
sewer  up  the  valley  at  some  future  time  to  provide  for  it.    On 
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accoQilt  of  tbe  change  which  will  be  necesmsLry  in  the  grade 
of  West  Bojlston  street  when  the  railroad  crossing  is  abol- 
ishedy  a  tmnk  sewer  in  that  street,  if  bnilt,  woold  hare  to  be 
laid  yery  deep.  For  these  reasons  it  was  decided  to  change  the 
original  route  laid  ont  for  this  sewer  to  a  location  along  Barber 
brook,  and  construct  shallow  sewers  to  corer  the  distance 
planned  for  in  West  Bojlston  street.  It  is  intended  erentnallj 
to  mn  this  sewer  np  tbe  vallej  as  far  as  Brooks  street,  bnt  it 
has  been  bnllt  at  the  present  time  only  to  a  point  aboot  oppo- 
site Sommerhill  ayenae.  From  here  it  runs  through  land  of 
the  Morgan  Spring  Co.  and  across  the  railroad  location  into 
West  Bojlston  street.  A  shoal  sewer  connecting  with  it  pro- 
vides accommodation  for  territory  between  there  and  Fairview 
terrace.  Another  sewer  connecting  with  the  tmnk  below  Bar- 
ber's Crossing  runs  as  far  as  Fairview  terrace.  In  this  way 
both  the  mills  and  the  property  along  West  Boylston  street  are 
provided  for,  and  an  outlet  secured  for  the  entire  low  level  dis- 
trict at  an  expense  not  exceeding  that  of  the  first  planned 
route. 

An  opportunity  was  offered  by  the  Morgan  Spring  Co.  to  run 
a  surface  water  sewer  across  their  property  discharging  into 
Barber  brook.  As  it  was  contemplated  erecting  a  building 
over  their  location  in  the  near  future,  and  as  it  was  necessary 
to  have  an  outlet  into  the  brook  through  this  property,  it  was 
decided  to  build  the  surface  water  drain  at  once.  This  consist- 
ed of  a  39-inch  brick  sewer,  and  runs  by  a  direct  course  from 
West  Boylston  street  to  the  brook,  and  will  be  the  outlet  for 
a  large  water-shed  draining  to  this  point.  It  will  thus  be  seen 
that  a  very  substantial  beginning  has  been  made  towards  the 
sewering  of  Greendale. 

Five  miles  from  this  work  a  force  of  men  has  been  engaged 
a  hirge  part  of  the  season  extending  the  sewer  in  Southbridge 
street  from  College  street  to  Malvern  road.  This  district  has 
hocn  built  up  considerably  during  the  last  few  years,  and  sewer 
nc(;ommodations  were  much  needed.  This  sew^  is  15  inches 
in  diameter,  and  is  designed  to  receive  no  surface  water. 

The  houses  on  Oleum  court  have  for  several  years  been  con- 
nected with  a  private  drain  connecting  with  the  public  sewer 
in    Shrewsbury     street.        This     drain     gradually     settled 
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on  accoimt  of  the  poor  fonndation  and  .  early 
in  the  fall  completely  failed  to  oi>erate.  A  public 
sewer  was  ordered  constrncted  in  October.  That  there 
might  be  no  farther  settlement  the  sewer  was  laid  on  a  pile 
foundation.  Borings  were  taken  and  it  was  found  that  peat 
extended  to  a  depth  of  about  18  feet  below  the  surface  of  the 
ground.  Below  this,  for  a  distance  of  about  40  feet,  there  waB 
a  stratum  of  very  fine  sand  through  which  the  piles  were  driven 
very  easily.  Below  this  quicksand  was  a  stratum  of  coarse, 
sharp  sand,  in  which  the  piles  readily  found  a  footing.  Near 
Shrewsbury  street  piles  were  driven  over  70  feet  below  the 
surface  of  the  street,  and  the  depth  to  which  it  was  necessary  to 
drive  them  gradually  decreased  as  the  work  approached  the 
hill,  so  that  at  the  end  of  the  sewer  they  were  driven  a  little  less 
than  60  feet.  The  piles  were  driven  in  bents  of  two  22-inch 
on  centres,  and  the  pile  bents  were  3  feet  on  centres.  They 
were  capped  with  6-inch  by  6-inch  spruce  timbers  running 
parallel  with  the  trench. 

Spreader  blocks  6  inches  by  6  inches  were  driven  in  between 
the  cap  pieces  every  6  feet,  and  close  to  each  spreader  a  7-8-inch 
iron  tie  rod  held  the  caps  together.  At  each  pile  a  7-8-inch  by 
18-inch  iron  pin  was  driven  through  the  cap  into  the  end  of 
the  pile.  A  bed  of  Portland  cement  concrete  was  placed  over 
and  between  the  caps.  This  was  brought  up  around  the  12- 
inch  pipe  sewer  and  carried  over  the  top  of  it.  All  the  piles 
were  spliced,  a  40-foot  pile  being  driven  first.  When  this  pile 
was  driven  to  a  convenient  depth  it  was  squared  up,  an  iron 
ring  just  a  little  smaller  than  the  stick  forced  on  and  two  iron 
dowel  pins,  7-8  inch  by  IS-inches,  driven  half  their  lengths  into 
the  end  of  the  pile.  Another  pile  20  feet  long  was  then 
centered  on  top  of  the  first  one,  having  first  been  fitted  with  an 
iron  ring  as  the  first  one  was,  and  with  a  light  blow  of  the  ham- 
mer the  dowels  were  driven  into  it.  The  driving  was  then  con- 
tinued until  the  pile  had  reached  a  suitable  footing,  when  it 
was  cut  off  at  grade  and  capped  as  described.  The  average 
penetration  with  a  drop  of  16  feet  was  about  1  1-2  inches,  with 
a  hammer  weighing  2,200  pounds. 

The  discharge  of  sewage  into  Hermitage  brook  above  Cath- 
arine street  has  caused  some  complaint  in  past  years.      This 
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year  a  petition  for  the  extension  of  the  sewer  from  Catharine 
street  to  Mt.  Vernon  street  was  granted,  and  a  48-inch  sewer 
has  been  built.  It  follows  closely  the  bed  of  the  brook,  and 
receives  the  waters  of  the  stream  as  well  as  the  sewage. 

For  many  years  much  trouble  has  been  experienced  by  the 
Street  Department  in  keeping  College  street  in  passable  con- 
dition, owing  to  the  large  volume  of  water  running  down  the 
hill  in  time  of  storm.  This  year  a  surface  water  sewer  with 
the  necessary  catch-basins  has  been  extended  as  far  as  City 
View  street.  A  sanitary  sewer  was  placed  in  the  same  trench. 
It  is  expected  that  the  basins  built  will  stop  all  of  the  water 
running  to  them,  and  that  there  will  be  no  more  serious  wash- 
outs. 


Tablb  IX. 

RECORD  OF  SEWERS  CONSTRUCTED  DURING  THE  FISCAL  YEAR  OF 

1900. 

SURFACE  SEWERS  — OONSTRUCTION. 


Strbit. 


Beeching, 
Berwick, 
City  View, 

College, 

Dayton  place, 
Delaware, 
Klla  worth, 
Fairfield, 
•Gold  St.  court. 


Hackfeld  road, 
Holland  road, 
New  York, 
Noses. 

Park  avenue. 
Pitt, 

Southbrldge, 

Location, 

Taft, 


Location. 


Pleasant,  northerly. 
Pleasant,  northerly. 
College,  easterly, 

Extension  to  City  View,  ■! 

Dayton,  southerlv. 
Fremont  to  New  York, 
Quinslgamond  Ave.  to  Lunelle, 
Park  avenue,  northwesterly, 
Bradley,  southerly, 

Reconstructkd. 

Highland,  northerly, 
Main,  northerly 
Kxtension,  southeasterly, 
Pleasant,  southerly. 
Tufts  to  Chandler. 
Cambridge  to  Sherman. 
Extension,  southerly. 

West  Boylston  to  Weasel  brook,     ] 

Cambridge  to  St.  John's  cemetery, 


Size 
(inches) . 

Length 
(feet). 

!£•  H> 

Cost. 

12 

W.O 

1 

12 

807.1 

1 

12 

412.0 

2 

10 

187.0 

20  Akron 

7C3.9 

5 

18  oval. 

836.4 

12 

178.6 

2 

12 

877.4 

2 

18  oval, 

416.8 

4 

f779  77 

12 

546.0 

3 

12 

106.0 

0 

12 

531.7 

4 

12 

500.9 

6 

12 

402.9 

2 

12 

693.4 

8 

12 

549.1 

3 

908  60 

15 

849.6 

3 

430  56 

12 

60.6 

0 

89 

220.2 

S 

1.600.62 

24 

48.0 

12 

204.2 

3 

•8.878  57 

Estimate 


ft) 


720  1V 
670  00 

2.090  00 


83.986  CO 


•ThU  length  not  to  be  added  in  total  length  for  year. 
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Tablb  X. 

RECORD  OF  SEWERS  OONSTRUOTED  DURING  THE  FISCAL 

YEAR  OF  1900. 

SURFACE  SEWERS -STATUTES  OF  lOOa 


Stbivt. 

Location. 

Size 
(inches). 

Length 
(feet). 

ad 

\ 

80  round 

49ai 

8 

Acrioultural, 

Highland  to  Institute  road,                  < 

28     " 

18x27 

271.2 

805.8 

A^ottlturaU 

Elm,  northerly  (connections). 

84x51 

113.0 

0 

Cambridce, 

Washburn  to  Southbridge, 

18  oval, 
15 

490.1 
810.7 

6 

D. 

Lawrence  to  Colton, 

12 

104.1 

2 

Eintaom  road, 

Highland  to  Institute  road, 

12 

808.0 

6 

Elm. 

Merrick  to  Agricultural, 

12 

427.0 

8 

Oennain, 

Extension,  northerly, 

12 

889.7 

4 

Hall, 

Curve  into  Institute  road. 

15 

88.5 

1 

Hudson  oourt. 

Hudson,  westerly. 
Agricultural  to  Hall, 

12 

255.0 

2 

Institute  road, 

18x27 

197.0 

8 

Lawrence, 

Kansas  to  O, 

12 

896.6 

8 

Merrick, 

Elm.  northerly, 

12 

220.8 

1 

MlUbury, 

Quinsigamond  avenue,  southerly. 

15 

68.3.4 

8 

12 

834.1 

MiUbury. 

Mlllbrook,  near  gate-house,  northerly,  ^ 

15 
12 

885.4 

239.8 

7 

I 

10 

884.1 

Park  avenue. 

Curve  into  Chandler, 

20x90 

47.1 

1 

Park  avenue. 

Hudson  court,  northerly. 

15  Akron, 

877.6 

2 

Parker, 

Connection  across  Park  avenue. 

28 

77.0 

1 

Pleasant, 

Curve  into  Park  avenue. 

12 

27.9 

1 

li 

Curve  into  Russell. 

44x66 

28.0 

1 

•  » 

Park  avenue,  westerly, 

1 

Pond, 

Harding  to  Beach. 

18  oval. 

848.6 

4 

Quinsiffamond  Ave. 
Russell, 

Mlllbury,  northerly. 

12 

186.2 

1 

Connections  at  Elm  and  Pleasant, 

86x54 

M.l 

0 

Schussler  road. 

Highland  to  Institute  road. 

12 

633.4 

4 

*South  Crystal, 

14  and  15 

93.0 

Temple. 
Trowbridge  road, 

Harding  to  Oreen, 

12 

666.7 

5 

Highland  to  Institute  road, 

12 

694.0 

4 

Winter, 

Harding  to  Oreen. 

15 

527.9 

4 

«Thl8  length  not  to  be  added  in  total  length  for  year. 
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Table  XI. 

RECORD  OF  SEWERS  OOKfirTRUCTED  DURING  THE  FISCAL  YEAR  OF 

1900. 

SANITARY  SEWERS -OONSTBUCTION. 


Strbbt. 


Bfttcbelder, 
BesTer. 

Berwick, 

Boardman, 

Hood. 

Boylston  court, 

CarUtod. 

Cliy  View, 

CoeM, 

ColU*ire. 

Columbus  aveoue. 

Day  too  place. 

DtMawaro, 

KDgle wood  Ave., 

Rvorard, 

Fairfleld, 

Fairmont  avenue. 

Pal  rvlew  terrace. 

ForboB, 

Fremont, 

(}c>noa, 

( Iran  lie, 

(irovf. 

Hack  fold  road, 

Hermltatrc  brook, 

Holland  road. 

HuntlDKton  Ave., 

KnowUon  avenue. 

Loriog. 

Midland. 

New  York. 

Nixon  avenue, 

Noyes, 

Oleum  court, 

Orient. 

Perkins, 

Lociiiion, 

Loi*ation, 

Southbridge, 

Strand. 

Taft, 

Tat  man. 

Tower, 

Vinson, 

West  Boylfiton, 
West  Boylston, 


LocATioir. 


Pattison.  northerly, 

Location  to  Florence, 

Pleasant,  northerly. 

West  Boylston  to  Lorlng, 

Columbus  Ave.  to  Fairmont  Ave. 

Jefferson,  southerly, 

Halmstad,  southerly, 

College,  easterly, 

EztcnHion,  westerly, 

Clay  to  City  View, 

Filters  to  Bond, 

Dayton,  southerly. 

Fremont  to  New  York, 

Lisbon  to  Genoa. 

Vinson,  southerly, 

Park  avenue,  northwesterly, 

Bond  to  Hamilton, 

West  Boylston.  easterly. 

Kztension.  easterly. 

New  York  to  Delaware, 

Knfflewood  Ave.  t.o  Circuit  Ave., 

Kxtension.  southerly, 

WcHt  Boylston.  westerly, 

HiKhland.  northerly. 

Ciitharine  to  Mt.  Vernon, 

Main,  northerly. 

West  Boylston  to  Tower, 

Cambridge,  southerly, 

Boardman.  southerly, 

Kxtenston  to  Elm  avenue. 

Extension,  southeasterly, 

CambridKe.  Koutherly. 

Pleasant,  southerly, 

Shrewsbury,  northerly, 

Extension,  northerly, 

Lincoln,  easterlv, 

Park  avenue  to  Beaver, 

Barber's  CroKsioff. 

Extension  to  Malvern  road, 

West  Boylston.  southerly, 

Cambridge  to  St.  John's  cemetery, 

Extension,  westerly. 

Huntington  Ave.  to  Hastings  Ave. 

Hermitage  brook,  easterly. 


Sixe 
(inches). 


Location,  southerly,  ] 

Extension  to  Fairvlew  terrace,       \ 


B 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 

12 

8 

8 

8 

8 

8 

12 

8 

8 

12 

8 

48 

8 

8 

8 

8 

8 

8 

8 

8 

12 

8 

12 

8 

15 

16 

10 

8 

8 

8 

18 

16 

12 

8 

15 

10 

8 


Leiicth;*j-  xt 
(feet)    *•**• 


271.0 
«8Sl7 
807.1 
455.7 
2S8u8 
1M.7 
133.8 
509.0 
17(L0 

ssas 

2960 
188.2 
S89.7 
330.8 
290.0 
499.7 
410.7 
805.0 
217.0 
271.8 
810.6 
138.7 
601.0 
510.5 
624.0 
568.0 
53ai 
252.4 
348.8 
381.0 
408.7 
251.6 
606.2 
257.6 
630.8 
33.4 
400.2 
1,838.0 
2,274.6 
605.5 
206.0 
200.0 
625.0 
12.4 
280.1 
110  0 
562.0 
8,524.8 
102.0 
736.0 


S 
6 
1 
3 

2 
2 
1 
2 
1 
3 
1 
1 
2 
2 
2 
8 
8 
5 
2 
2 
8 
1 
4 
8 
8 
5 
8 
2 
8 
2 
1 
2 
3 
2 
4 
1 
8 
14 
14 
4 
2 
1 
8 
12 


8 
80 


8340  68 

ijesfr06 

615  46 
456  58 


106  08 

1,400  06 

971  73 

4,8n  12 

753  36 

845  14 

767  86 

651  50 

022  60 

835  87 

1.404  10 

2,025  16 

2.347  86 

8,516  61 

1,641  05 

600  36 

Estimate 


177  31 
1,115  82 


568  00 
1,172  71  i 
1.863  68 

483  06 
1,008  74 

080  08 
286  60 


770  78 
1.014  68 


770  73 
1.358  06 


843,785  51 


8lC0<'i> 
IJK'  if> 

OK'  ••» 


2K>  (V 
(a) 


43f'»0 
»i  w 

l,il5t»  t«» 
412  (0 

l,5iO(X) 

1.440  00 

510  U' 

(t>) 
(c) 

wo  I'O 
1.331)  lO 

4.310  lV 

610  II) 
831)  i«i 

5*:'  <o 

5iOiO 

3M  (II 

l.h»'>  lO 

1.130  ro 

(d) 

0.010  (il 

l,43i>  a) 

Se5(0 

l.KSO  10 
2,450  ^0 


700*1 
1.480  ai 


843.087  00 


Work  done  for  Water  Department. 
Combined  with  Delaware  street. 

(c)  (Combined  with  Enfilewood  avenue. 

(d)  Combined  with  Beaver  street. 
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tablb  xn. 

SECOBD  OF  SEWEBS  OONffTRDOTED  DURING  THE  FI80AL 
YEAB  OF  1000. 

r  SEWEBS  —  STATUTES  OB"  IWO. 


Id  MweT  to  BlsblMii). 


ibr^uid. 


^^jil 

ITt^: 

S    • 

"f.rren.' 

Cuenr. 

anal. 

0  Soutbbrldce. 

rth  Foster, 

Cotuce. 

Bt, 

D»7M>D. 

Bt. 

■and  (I  auah  lank). 

Ellswortti, 
Elm. 

iMlerly  to  Mllibrook 
wroBB  Sever. 

—  .-'ediir. 

Frmnklfti. 

on  wlih  Vine. 

Franklin. 

BarttEH 

weBterlr. 

Fruit. 

Elm  lo  CotiBKB, 

eHlghland, 

Ooia  Street  oonrt. 

Bradley 

J)  Qold. 

Gold  Slreei  ooun. 

»™jl«y 

GnfloD. 

Wftteru 

Franklin,""' 

Pond  to 

Fmnhlln. 

Green! 

Bradler 

to  Hard  Ins. 

Lajard  place. 


Barrlaon  lo  Franklin. 


Sever  to  Agrloultural  (1  Qngh  tank). 
AsriaulturnltoGe  rmain .  \ 


bridge,  nonberlr. 
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flTKSVT. 

IXXTATEOSL 

Soe 
(iKtes). 

aecr>. 

• 

Mftin* 

School  to  Uaeola  Square.                      | 

18 
13 

« 

Brftdir?  to  rnloB.    1  M,  H.  Is  suaqi.  on 
old  sewer. 

Mzli      1 

1 

CI&.2       4 

Hartet. 

rnloD  to  Main,                                            I 

9           1 

srs9     s 

U^num  wmf. 

Carre  into  Serer. 

*           i 

4I-T       1 

MectoDk, 

Bridge,  easterly. 

• 

lOlS       2 

Merriclu 

Pleasant,  sootherly. 

2Wl6       S 

MUlbniT. 

10 

ft 

—  !1 

uan.7 

MlUtmry. 

Ballard,  northerly.                                 \ 

10 
8 

506L6      10 
0823 

JTorth  Ashland* 

Lily  to  Highland  (1  flush  tank),            \ 

10 

8 

SILT       e 
4IQL5  1 

.. 

Lily  to  John, 

8 

*  -  -   -  —      I 

KHlO  '     2 

♦»          »• 

Bowdoln  to  William. 

8 

100.5        1 

North  Foster. 

Union  to  Commercial. 

uxm 

a8C2  '    s 

Oak< 

Cedar  to  Elm. 

8 

2773  •     2 

park  STsniM, 

HUrhUnd  to  Lee. 

8 

28&4       2 

Pink. 

John  to  Highland.                                  ] 

10 

8 

18S.6       6 
7gBL7  1 

Pleasant. 

Merrlek  to  Serer, 

10 

aaoL5  !   s 

Preacott, 

Lincoln  square  to  Lexington,                -^ 

10 

8 

707.3  j  10 
355.9 

fichool. 

Commercial  to  Main, 

18 

soao     3 

Sr-hriOl. 

Commercial  to  Union.    1  K.  H.  sump,  on 

old  sewer,  12 

10B.4       2 

fk/Tjtta  Harding, 

Lamartine.  southerly. 

8 

807.7 

2 

•Temple, 

Harding,  westerly. 

10 

1I&7 

0 

Thomas, 

Commercial  to  Union,                            \ 

12 

8 

20.9 
200.4 

1 

1                                                                  ( 

12 

2640 

7 

Union, 

School  to  Lincoln  square. 

10 

219  7 

i 

8 

808^ 

*< 

Thomas,  southerly, 

8 

loas 

1 

•• 

Central,  southerly. 

8 

808.0 

3 

>• 

Manchester  to  North  Foster. 

2<xao 

192.0 

2 

Vine. 

Cherry  to  Franklin. 

10 

333.4 

WfbchUNett, 

Dlx.  southerly. 

8 

323.9 

2 

Warren, 

CTierry  to  Front, 

82x42 

288.8 

0 

Water, 

Led  (re  to  Orafton, 

40xM 

442.2 

2 

Wenby. 

Home  to  John. 

8 

200.1 

1 

Went, 

Dayton,  northerly, 

8 

1,873.2 

11 

•• 

Dayton,  southerly. 

8 

316.7 

2 

t< 

William,  southerly, 

8 

2766 

2 

tt 

Cedar  to  Elm, 

8 

284.0 

2 

«t 

Elm  to  Pleasant, 

8 

462.3 

3 

WcAtland. 

HUhlaod  to  Institute  road. 

8 

1,186.9 

6 

William. 

Extension,  easterly. 

8 

1,266.4 

7 

*Tbis  length  not  to  be  added  in  total  length  for  year. 
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8SPA1LA.TIN6  System. 

There  still  seems  to  be  a  popular  misunderstanding  of  the 
scope  of  the  work  contemplated  for  immediate  construction  in 
accordance  with  the  plan  presented  to  the  Supreme  Court  in 
1897,  and  to  make  the  subject  as  clear  as  possible  the  fbllow- 
ing  explanation  is  made,  although  largely  a  repetition  of  state- 
ments made  in  previous  reports. 

To  understand  the  situation  thoroughly  it  should  be  remem- 
bered that,  before  any  sewers  had  been  built,  there  was  a 
brook  or  river  of  some  size  running  from  north  to  south  through 
the  central  portion  of  the  city.  This  was  called  Mill  brook,  and 
was  fed  largely  by  the  water-shed  above  Lincoln  square,  but 
was  contributed  to  also  by  numerous  small  brooks  running 
into  it  at  frequent  intervals  along  its  course.  The  natural  out- 
let for  sewers  was  into  this  stream  and  its  tributaries,  and 
from  time  to  time  the  sewers  that  were  built  were  connected 

to  it.  This  procedure  was  authorized  by  an  act  of  the  Legisla- 
ture passed  in  1867,  which  also  gave  the  city  permission  to 

use  the  stream  itself  and  its  tributaries  as  common  sewers, 
stipulating  that  they  might  be  improved  as  was  deemed  neces- 
sary by  straightening,  walling,  and  covering,  and  also  providing 
for  the  acquiring  of  certain  water  privileges. 

It  was  found,  when  the  problem  of  sewage  purification  was 
taken  up,  that  the  volume  of  water  to  be  dealt  with  consisted 
not  only  of  the  sewage  proper,  but  also  of  the  entire  drainage 
of  the  watershed  contributary  to  the  streams  mentioned.  This 
proved  a  serious  obstacle  in  the  way  of  effective  treatment, 
and  it  was  felt  from  the  first  that  a  separation  of  this  drainage 
water  from  the  sewage  was  not  only  desirable,  but  necessary. 

In  1897,  complying  with  instructions  from  the  Supreme  Court, 
the  city  submitted  to  the  court  a  scheme  for  more  effectively 
preventing  the  discharge  of  untreated  sewage  into  the  Black- 
stone  river.  This  plan  contemplated  the  construction  of  in- 
tercepting sewers,  which  should  intercept  the  sewage  before  it 
entered  Millbrook.  To  accomplish  this  two  main  intercepters 
were  provided  for,  one  on  each  side  of  Millbrook,  running  north- 
erly from  Cambridge  street.  South  of  Cambridge  street  one 
conduit  was  designed  to  receive  the  sewage  from  both  inter- 
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ceprter*.    This  conduit  was  to  be  eoastmcted  iiisde 
conneetiiig  with  the  outfall  sew^  at  Qofnsigamond. 

The  boilding  of  the  intereepters  comprises  aQ  that  the  board 
of  experts,  which  was  retained  to  adrise  the  citr,  recommend- 
ed doini^,  at  present,  npon  a  sewerage  system  for  drrertin^r 
the  sewage  from  the  nataral  drainage  of  the  citj.  But  it  did 
adrise  the  gradoal  change  from  the  present  combined  sys- 
tem of  sewers  to  the  separate  sjstem,  beginning  and  continning 
this  part  of  the  work  from  time  to  time  as  it  was  found  that 
the  amount  of  sewage  being  discharged  into  the  rirer  was  caus- 
ing a  serious  pollution. 

In  accordance  with  these  suggestions,  which  constituted  the 
plan  filed  with  the  court,  detailed  designs  were  worked  out 
hj  the  Engineering  Department.  It  was  found  that  if  the  con- 
duit was  to  be  constructed  inside  the  sewer  south  of  Cam- 
bridge street,  the  capacity  of  the  latter  would  be  so  reduced 
that  it  could  not  be  safely  relied  upon  to  care  for  the  Tolnme 
of  water  then  flowing  into  it  in  times  of  heayy  showers  and 
freuhets. 

To  relieve  this  situation,  it  was  planned  to  build  a  duplicate 
sjstffm  of  sewers  in  South  Worcester,  and  in  the  section  of  the 
city  naturally  draining  into  Beaver  brook.  '  While  this  was 
snggffsted  solely  to  make  room  in  Millbrook  for  the  sewage 
conduit,  it  will  be  noticed  that  it  is  in  strict  accord  with  the 
experts'  recommendation  for  future  construction.  By  follow- 
ing this  plan,  it  was  pointed  out  that  the  necessary  reduction 
in  the  watershed  contributary  to  Millbrook  below  Cambridge 
street  would  be  obtained,  and  that,  in  addition,  the  benefit 
accruing  from  the  separation  of  the  surface  water  of  this  dis- 
trict from  the  sewage  would  be  realized  at  an  early  date. 

It  was  aso  found  that  the  grade  determined  by  the  elevation 
of  the  main  sewer  would  not  admit  of  connecting  the  Cam- 
bridge Btreet  sewers  with  the  intercepter,  and  consequently  it 
waH  abHoIutely  necessary  to  resewer  most  of  the  district 
drained  bj  the  Washburn  street  sewer. 

A  few  other  districts  were  found  to  be  similarly  situated, 
CHpc'cially  those  lying  between  Millbrook  and  the  intereepters. 
In  these  sections  the  original  sewers,  of  course,  graded  toward 
Millbrook,  and  when  the  intereepters  were  built  new  sewers 
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would  be  required  which  should  reverse  the  flow  of  sewage  and 
discharge  into  them. 

From  this  general  review  ol  the  work  laid  out  to  be  done 
as  a  part  of  the  separate  system,  it  will  be  seen  that  the  plan 
of  the  experts  has  been  followed  scrupulously,  and  that  the 
work  which  seemed  to  be  exceeding  their  recommendations  was 
in  reality  a  part  of  the  detail  absolutely  necessary  to  the  suc- 
cessful carrying  out  of  their  advice. 

The  work  on  this  system  has  progressed  rapidly  during  the 
past  year,  and  is  in  a  satisfactory  condition,  as  it  is  completed 
and  in  working  order  as  far  as  any  work  has  been  done  upon 
it,  with  the  exception  of  the  final  connections  between  the  con- 
duit in  Millbrook  and  the  siphon  chamber  at  one  end,  and  the 
outfall  sewer  at  the  other.  All  regulators  and  special  appli- 
ances which  have  been  built  are  now  operating,  and  practical- 
ly the  entire  sewage  of  that  portion  of  the  city  reached  by  the 
intercepters,  is  being  discharged  into  the  new  system.  This, 
however,  will  be  without  effect  on  the  sewage  treated  at  the 
purification  works  so  long  as  the  intercepters  discharge  into 
Millbrook  at  Cambridge  street,  where  sewage  and  surface 
water  mingle  and  flow  together  to  Quinsigamond.  The  west 
main  carrier  is  completed  from  end  to  end,  and  all  connections 
are  made  with  it. 

The  east  intercepter  is  completed  as  far  as  the  Grafton  street 
railroad  crossing,  and  connections  are  made. 

The  portion  not  now  connected  with  the  new  system  is  that 
lying  between  the  B.  &  A.  railroad  location  and  Grove  street, 
and  situated  on  the  east  side  of  Millbrook.  While  this  district 
contributes  a  considerable  flow  of  sewage,  it  constitutes  rather 
a  small  fraction  of  the  city. 

The  work  of  providing  a  duplicate  system  of  sewers  in  the 
southern  and  western  sections  has  been  entirely  completed,  and 
all  connections  made.  No  surface  water  now  finds  its  way  into 
the  sanitary  system  of  these  districts,  except  ground-water 
leakage,  of  which  there  is  undoubtedly  some,  especially  in  the 
older  sewers.  All  surface  water  from  these  districts  is  dis- 
charged directly  into  Beaver  brook  and  the  river  at  South 
Worcester.  This  having  been  done,  there  is  no  reason  why  the 
carrier  in  Millbrook  can  not  be  closed  at  its  upper  end,  which 
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woold  nake  the  imterte^nen  ia  the  Tkuitr  of  CaKbruise 
c«MDplete«  with  the  ezttptioB  of  a  fcfv  dajv*  wock  at  the  avtfall 
wheiB  the  east  earner  Is  UnishHL  U  these  is  mo  anf  orcaeem  de- 
lajy  the  east  carrier  should  be  completed,  with  all  coiiaeet»>ii« 
made,  bj  the  end  of  the  next  fiscal  jear.  It  will  them  be  p^^a- 
sibie  to  treat  the  sewage  without  the  water  Iran  North  pond, 
whieh  amomits  to  5JM0.000  gallons  per  daj  In  diy  weather. 


Tlje  pneamatic  taooel  through  Green  street.  Bartlett  place 
and  Cherrj  strefft  was  described  in  detail  in  the  report  for  1899. 

At  the  beginning  of  the  present  rear  abont  UOO  feet  of  this 
tonnel  r^tnained  to  be  lined.  This  was  done  daring  the  winter 
months  under  the  inunediate  snperrision  of  Mr.  Harrr  L.  Dad- 
man. 

In  Vef^emlftT^  1899,  the  city  was  threatened  with  a  serious 
water  famine,  and  two  of  the  boilers  from  the  power  station 
conne^rted  with  this  work  were  taken  to  Goes  pond,  where  a 
temjKirary  pumping  plant  was  erected  by  the  Water  Depart- 
m^rnt.  The  remaining  boilers  proved  capable  of  furnishing 
suffiHent  power  to  run  the  lighting  plants  and  the  compressors 
to  fnmiMh  enough  air  in  the  tunnel  to  prevent  the  infiltration 
of  ground  water  through  the  temporary  lining  while  the  perma- 
n^^t  lining  was  being  put  in  place. 

The  boilers  loaned  the  Water  Department  have  been  returned, 
and  are  being  set  and  piped  to  furnish  power  for  the  pneumatic 
tnnnf'l  to  bf;  driven  across  Washington  square  during  the  eom- 
UJK  winter. 

WAKKKN,     BBIDGE,     MANCHESTER,    UNION  AND  NORTH  FOSTER 

STREETS. 

TIii«  jKirtion  of  the  intercepter  which  starts  at  the  corner  of 
Fmnklin  and  Oreen  Afreets  and  ends  at  the  south  end  of  Com- 
xtU'Vi'lul  Htreet.  was  constructed  in  tunnel  for  a  distance  of 
W'k?,!  ff'f't.  The  deHeription  of  this  tunnel  was  given  in  the 
n-fiort  fnr  IMMI.      Having  run  out  of  fine  sand  the  tunnelling 
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was  stopped  and  the  worjc  continued  in  open  cut.  A  large 
quantity  of  ground  water  was  met  and  a  six-inch  centrifugal 
pump  was  set  up  to  keep  it  under  control.  After  pumping  for 
some  time  the  flow  decreased  so  that  it  was  kept  down  by  a 
four-inch  pulsometer  pump.  The  material  was  very  coarse 
grayel  for  some  distance,  changing  to  a  very  fine  sand.  The 
trench  in  Warren  street  was  very  close  to  the  street  line,  there 
being  about  six  feet  between  the  five-story  brick  block  situat- 
ed at  the  corner  of  Warren  and  Front  streets  and  the  side  of 
the  trench.  As  the  excavation  was  twenty  feet  deep  great 
care  was  taken  to  hold  the  banks  so  that  no  settlement  could 
take  place. 

Careful  measurements  were  taken  on  the  sills  of  the  building 
before  the  work  was  begun,  and  no  change  in  elevation  can  be 
detected,  and  no  new  cracks  have  been  detected.  This  sewer 
was  built  to  the  centre  of  Front  street,  at  which  time  the  work 
was  stopped  for  the  winter. 

In  the  spring  the  work  was  taken  up  again  and  pushed  as 
rapidly  as  possible,  although  progress  was  very  slow  until  Fos- 
ter street  was  reached. 

Between  Front  and  Mechanic  streets  the  depth  of  excavation 
was  twenty-three  feet. 

The  material  was  fine  sand,  and  required  heavy  and  careful 
sheathing  and  bracing.  Sheathing  was  driven  several  feet 
ahead  of  the  work  with  the  aid  of  steam  plank  driving  ma- 
chines. 

There  are  brick  buildings  on  both  sides  of  the  street  through 
which  this  section  of  the  intercepter  runs,  and  though  the 
material  excavated  was  of  the  most  treacherous  description,  no 
settlements  have  resulted.  Throughout  the  entire  length  of 
the  trench  much  lumber  was  left  in  the  ground  to  insure  the 
safety  of  pipes,  conduits  and  sewers  lying  near  by,  as  well  as 
to  prevent  any  settlement  of  the  buildings. 

At  the  corner  of  Bridge  and  Foster  streets  the  material  again 
changed  to  a  coarse  gravel,  and  it  was  necessary  to  run  a  six- 
inch  centrifugal  pump  constantly  to  take  care  of  the  water. 
After  several  weeks,  however,  this  pump  was  replaced  by  a 
four-inch  pulsometer,  which  kept  the  water  under  control  with- 
out trouble. 
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It  was  expected  that  a  rery  poor  f oaadstkMi  for  the  sever  in 
Xaschester  street  woold  be  fooiid.  because  it  seeaed  to  be  a 
matter  of  eomflMm  ksowled^  tbat  mod.  peat  or  qinclEaaBd  wa.« 
Terj  deep  in  this  loealltj,  and  some  of  tbe  brick  beHdin^  are 
Ter7  badlj  eraeked.  It  was  foond.  howerer.  tbat  a  rerj  ^^od 
grarel  bottom  conld  be  reached  witb  little  diAcnltr.  and  much 
of  tbe  distance  it  was  nnneceasarr  to  take  anj  special  precaa- 
tion.  Toward  Union  street  s^nne  peat  was  found  which  was  all 
exearated  to  claj  or  grarel  foundation,  and  the  troich  was  re- 
fiPed  to  grade  with  grarel,  carefollj  paddled.  In  Manche^er 
street  the  maxbnam  depth  excavated  below  grade  was  six  feet : 
in  Union  street,  nine  feet,  and  in  North  Foster  street  thedeepest 
excaTation  was  thirteen  feet  below  grade  and  twenty-three  feet 
below  the  surface  of  the  street.  The  work  on  the  School  and 
Main  street  section  having  been  completed,  this  section  formed 
the  connectiog  link  in  the  west  intercepter.  and  when  the  con- 
nection was  made  between  North  Fostor  street  and  Comm^t^ial 
street  this  carrier  was  completed  and  readv  for  use  from  end 
to  end. 

Tbe  intercepter  discharges  into  a  siphon  chamber  at  the  cor- 
ner of  Qainsigamond  avenue  and  Cambridge  street,  and  mns 
through  Quinsigamond  avenue,  Lafayette.  Washington,  Brad- 
ley, Green  streets,  Bartlett  place.  Cherry,  Warren,  Bridge, 
3IaDcbester,  Union,  North  Foster,  Commercial,  School  and 
Main  streets  to  Lincoln  square.  It  is  2.4  miles  long  and  ranges 
from  a  48-inch  round  in  Quinsigamond  avenue  to  a  15-inch 
roand  at  Lincoln  square. 

All  the  combined  sewers  entering  Millbrook  along  its  course 
are  intercepted  as  explained  under  the  paragraph  on  regula- 
tors. 

SCHOOL  AKD  MAIN  STREETS. 

This  is  the  last  section  of  the  west  in- 
tercepter. It  starts  from  the  end  of  the  section 
built  in  Commercial  street  in  1899,  and  ends 
at  the  north  side  of  Lincoln  square.  At  this  point  existing 
sewers  from  Highland  and  Grove  streets  are  intercepted.  The 
construction  of  this  sewer  was  attended  by  no  special  difBcul- 
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ties.  The  excavation  was  through  gravel  and  hardpan  nntil 
reaching  the  vicinity  of  the  Court  House,  where  a  small  out- 
cropping of  ledge  was  encountered.  The  trench  was  nowhere 
excessively  deep,  and  the  small  amount  of  ground  water  found 
its  way  through  the  underdrain  to  a  lower  level  at  Commercial 
street,  so  that  continuous  pumping  was  unnecessary,  the  pul- 
someter  located  at  the  corner  of  School  and  Commercial  streets 
being  operated  only  at  night,  after  the  work  had  advanced  a 
short  way  from  the  corner.  The  sewage  from  the  School  street 
sewer  as  well  as  that  from  Highland  and  Grove  streets  enters 
the  intercepter  through  automatic  regulators. 

Besewebing  between  Millbbooe  and  Inteboepteb. 

As  explained  in  the  general  description  of  the  separate  sys- 
tem, the  streets  lying  between  Millbrook  and  the  west  inter- 
cepter have  been  resewered.  A  trunk  sewer  was  laid  in  Harri- 
son and  Harding  streets  to  Franklin  street,  and  the  old  sewers 
in  Pond,  Winter  and  Temple  streets  were  connected  with  it. 
New  surface  water  drains  were  constructed  in  these  streets. 
A, part  of  the  way  in  Harding  street  it  was  necessary  to  lay 
the  new  sewer  in  the  sidewalk  because  there  was  no  room  in 
the  roadway  for  it.  This  was  the  case  also  with  ,the  sewer 
built  in  Union  and  Prescott  streets. 

A  sanitary  sewer  has  been  built  in  Millbury  street,  from 
Quinsigamond  Village  to  Cambridge  street,  on  the  east  side. 
It  is  in  two  sections,  one  draining  into  the  siphon  chambers  at 
Cambridge  street  and  the  other  grading  toward  Ballard  street, 
and  connecting  with  the  siphon  which  delivers  the  Ballard 
street  sewage  into  the  gatehouse  on  the  outfall  sewer. 

A  surface  sewer  has  been  built  on  the  west  side  of  Millbury 
street  from  Quinsigamond  avenue  to  Quinsigamond  Village. 
These  two  sewers  are  necessary  because  sanitary  connection 
cannot  be  made  with  Millbrook  on  the  east  side,  as  that  por- 
tion of  the  brook  is  used  for  surface  water,  and  all  the  inlets 
on  the  west  side  enter  the  intercepting  conduit,  so  that  surface 
water  cannot  be  connected  with  them.  It  would  be  very  ex- 
pensive for  the  owners  of  the  abutting  property  to  cut  through 
the  walls  of  Millbrook  above  this  conduit  for  their  individual 
surface  water  drains. 
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8EPAKATB  8T8TBM  OS  THE   WEBT   SIBS. 

This  daplicate  srstem  of  sewer  ccmstnicdoii  which  was  be- 
gmi  in  1897,  has  been  completed  this  rear.  It  accommodates 
a  section  of  the  citj  formerly  and  natorallj  draining  into 
Beaver  brook.  The  sewers  built  in  this  section  have  all  been 
small,  bat  manj  of  them  hare  been  deep,  so  that  plnmbing 
from  houses  located  on  lots  of  land  sloping  away  from  the 
streets  could  be  connected  with  them  without  necessitating 
raising  it.  Work  has  been  done  in  nearly  erery  street  between 
Pleasant  and  Highland  streets,  and  on  ttus  account  much  in- 
conrenience  has  been  experienced  by  the  public.  It  is  a  cause 
for  congratulation  that  this  work  is  now  complete.  While  so 
much  annoyance  has  been  caused,  very  few  complaints  hare 
been  made  by  residents  affected,  and  the  general  disposition  to 
make  the  best  of  the  troublesome  situation  has  been  sincerely 
appreciated. 

The  final  connections  between  difTerent  sections  of  the  sur- 
face water  system  have  been  made  so  that  all  drainage  from 
the  district  discharges  into  Beaver  brook,  and  Mlllbrook  is  re- 
lieved to  that  extent  in  time  of  high  water. 

Many  times  the  question  of  proper  flushing  of  the  small  san- 
itary sewers  has  been  raised  by  parties  interested.  It  is  the 
prevalent  impression  that  the  admission  of  surface  water  to  a 
sewer  is  of  value  in  keeping  the  pipes  clean  and  free  from 
deposit.  The  reverse  of  this  theory  has,  however,  proven  true 
in  this  locality.  The  most  of  the  sediment  found  in  the  sewers 
is  caased  by  deposition  of  detritus  washed  in  daring  heavy 
rains.  lo  most  sanitary  sewers  the  grades  and  volumes  of 
s^^wage  are  such  that  the  sewers  are  self-cleaning. 
In  some  cases  where  the  grades  are  very  flat, 
automatic  siphon  flash  tanks  have  been  attached 
to  the  dead  ends  of  the  sewers.  These,  by  rapidly  discharging 
a  small  volume  of  water,  say  3<)0  gallons,  once  in  every  twenty- 
four  hours,  are  much  more  effective  than  would  be  the  rain- 
water which  might  flush  the  pipes  several  times  in  a  few  days, 
and  then  allow  deposits  to  accumulate  until  another  rain, 
which  might  not  come  for  several  weeks. 

By  the  automatic  daily  flushing  a  very  effective  cleaning  is 
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accomplished  with  a  small  amount  of  water,  and  the  work  of 
purification  is  not  complicated  by  large  quantities  of  surface 
water  wheneyer  there  is  rain. 

CHANoixa  House  Conneotidnb. 

Wherever  duplicate  sewers  have  been  built  and  new  sanitary 
sewers  have  been  constructed,  the  old  pipes  having  been  turned 
over  for  use  as  surface  water  drains,  it  has  been  necessary  to 
disconnect  the  pipes  leading  to  the  houses  from  the  old  sewers 
and  connect  them  to  the  new  sanitary  pipes.  In  some  cases 
this  could  be  accomplished  within  a  few  feet  of  the  sewer,  but 
many  times  it  requires  the  relaying  of  the  drain  for  compara- 
tively long  distances,  in  a  number  of  cases  even  to  the  pipes 
leaving  the  buidings.  Much  difficulty  was  experienced  in  find- 
ing the  old  drains,  of  which  no  records  have  been  kept,  so  that 
the  expense  of  the  change  was  out  of  proportion  to  the  actual 
change  required  in  the  original  drain.  Changes  have  been 
made  as  described  in  over  1,300  house  connections. 

East  Tntekoepter. 

WATER  street. 

This  section  of  the  east  intercepter  was  completed  from  Mill- 
bury  street  to  Ledge  street  in  1899,  and  was  fully  described  in 
the  report  for  that  year.  This  work  was  wholly  in  tunnel.  In 
1900  work  was  begun  again  upon  this  section,  and  was  carried 
on  in  open  trench.  A  small  amount  of  ledge  was  encountered, 
and  many  boulders,  together  with  hardpan  and  quicksand. 
There  was  considerable  water  in  the  trench,  and  that,  together 
with  the  hardpan  excavated,  made  the  progress  rather  slow. 
The  street  was  paved  with  granite  blocks,  laid  on  a  concrete, 
base,  and  with  grouted  joints.  This,  of  course,  had  to  be  taken 
up,  but  the  expense  of  putting  it  back  will  not  equal  the  ex- 
pense of  tunnelling. 

GRAFTON   street. 

The  location  of  this  section  of  the  intercepter  was  close  to 
the  curb  on  the  south  side  of  the  street.    The  material  exca- 
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rated  eonsisted  of  gniTel  for  the  int  sereD  or  ei^t  feet  in 
depth,  below  which  it  was  fine  niHL  and  the  natural  elevatioB 
of  the  ground  water  was  eonaiderablj  abore  the  bottom  of 
the  trench.  On  accoont  of  these  conditions  the  work  was  Terx 
earefnllj  done,  heavr  bracing  being  pot  in  and  the  plank  be- 
ing driTen  aereral  feet  below  grade,  and  for  the  most  part  be- 
ing left  in  place.  As  the  grade  of  the  sewer  required  deeper 
excaration  the  further  north  it  extended,  it  was  found  difficult 
to  hold  the  ordinary  two-inch  sheathing  in  place  at  the  bottom 
while  it  was  being  driTen  ahead  of  the  work.  It  was,  there- 
fore, decided  to  put  in  three-inch  sheathing  for  the  second  set. 
It  was  practically  impossible  to  drive  this  by  hand,  and  the 
driring  was  wholly  done  with  steam  hammers. 

The  surface  of  the  ground  water  was  about  eight  feet  above 
the  elevation  of  the  bottom  of  the  trench. 

Work  on  this  sewer  was  discontinued  at  the  Boston  & 
Albany  Railroad  location.  The  trench  at  this  point  was 
twenty-seven  feet  six  inches  deep,  and  it  was  decided  to  con- 
struct the  rest  of  this  section  in  tunnel. 

Regulatobs. 

Frequent  mention  has  been  made  of  the  interception  of  the 
sewage  running  in  the  old  sewers.  The  connections  between 
the  intercepters  and  the  old  system  is  through  automatic 
arrangements  for  regulating  the  quantity  of  water  flowing  from 
the  rrombined  system  into  the  new  sewers.  The  intercepting 
mains  are  not  large  enough  to  carry  very  much  storm  water. 
When  surface  water  is  running  in  the  sewers  it  is  received  by 
the  main  carriers  until  such  time  as  they  become  full,  then 
the  Rates  in  the  regulators  partially  close,  and  the  excess  of 
water  flows  by  and  into  Millbrook.  In  this  way  the  volume  of 
water  finding  its  way  into  the  intercepters  is  kept  under 
control. 

PUKIFICATION. 

The  first  effort  to  purify  the  sewage  was  made  in  1890,  the 
plant  beinp:  started  on  the  2oth  day  of  June.  The  treatment 
has  continued  for  over  ten  years,  and  from  time  to  time  im- 
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proYements  and  enlargements  have  made  it  possible  to  accom- 
plish a  much  larger  amount  of  work,  and  that  of  a  materially 
better  quality.  This  has  been  done  at  considerably  less  cost 
than  was  possible  during  the  first  few  years.  Table  13  gives 
the  quantities  of  sewage  treated  each  year  since  the  plant  was 
started.  The  costs  given  are  strictly  maintenance  charges, 
and  do  not  include  interest  on  money  invested.  They  do,  how- 
ever; in  several  years  include  cost  of  work,  which  was  more 
properly  construction  than  maintenance,  but  which  cannot 
now  be  separated  because  the  expense  was  all  charged  to  one 
account. 

It  is  interesting  to  note  that  the  cost  per  capita  in  1891  was 
10.32,  and  in  1900,  ten  years  later,  |0.41.  The  latter  figure 
includes  the  cost  of  pressing  and  disposing  of  the  sludge,  while 
that  of  1891  included  only  the  cost  of  pumping  it  directly  onto 
adjacent  fields,  an  extremely  unsatisfactory  method  of 
disposal. 

Tabis  xin. 

CX)OT  OF  MAINTAINING  SEWAGE  DISPOSAL  WORKS. 


Date. 

Amount  Treated 
(Gallons.) 

Cost. 

Cost  per 

Minion  Gals. 

Population. 

Cost  per 
Capita. 

1890 

891,000,000 

•47,919  69 

•122  66 

84,666 

•0  66 

1891 

1,898,000,000 

27,761  96 

19  86 

87,647 

0  32 

1892 

842,000,000 

27,676  24 

32  74 

90,439 

0  30 

1893 

1,796,000,000 

24,103  23 

13  43 

93,138 

0  26 

1894 

4,662,000,000 

26,146  21 

6  61 

96,982 

0  26 

1896 

6,780,000,000 

46,847  46 

8  17 

98,767 

0  47 

1896 

6,840,000,000 

43,264  23 

7  41 

102,698 

• 

0  42 

1897 

6,206,000,000 

69,166  64 

11  14 

106,629 

0  66 

1898 

6,460,000,000 

64,440  83 

9  97 

110,660 

0  68 

1899 

6,241,000,000 

84,694  98 

13  67 

114,492 

0  74 

1900 

4,781,000,000 

60,073  34 

10  47 

118,421 

0  41 

NOTB.— The  costs  for  1895-1800  Include  considerable  money  spent  on  construction, 
but  which  cannot  be  separated  from  maintenance  charges  because  both  Items  were 
kept  In  the  same  account.    This  is  also  true  of  the  figures  given  for  1890. 


^eacrrit^ '.  7  ♦lit  f3C?«»2iL,    It  if  rr^  rhaz  nfodL 

artel  *>*^*  4wu^  x;^/<i  tii>'  vz\y^ez  ^A  i»j>x2.h  tya.  niHir,  bit 

Ia  a^^  Vo*-  f»*si/i**5K:  ^fiAi^ie  erf  a  f^TS%  4^  tie  ipcaeni  prbt-^i 
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t^krr.^  'i^i^.  V/  a«<*?*ali  tLc  in«r>ft  pca^tffcal  aaii  «»:&:3l: 
tc^^uA,^  of  »pp!r:ft^  rbese  prin^tl^u!*-  T&icse  art  ia^ii-san- 
•ijif  ft^:^r.^j^  wh>  b  woTsld  be  a4<,pr^  to-daj  wo-iid  drf^gr 
♦^rv;*.,T  frotn  fL^>*Pr  wLi^h  wonld  iLare  be€s  adopced  aercral 
j^ram  :kjr^/.  TK^  rff^Tsl'M  of  the  ou^^  iS(e:L<>ds  vere  jixst  as  sat- 
ji^fi^'r'^rT  9<r  far  a*  th^  work  wa«  <?onc«Ti€i  bat  the  newer 
pUf;*  ^Ir^  pfori^jke  of  gn^t^r  practieabCItj  and  economT  and 
*:f/utsi..n  I^rMi  o^/^j^rflonable  and  donhtfisl  fcaroiea.  The  older 
«k'h^/i^«  u^r  r*ff  prore  the  most  pnurti«aL  bat  it  would  be  rery 
nuwit^  to  dd'/^/t  rb^rm  without  gmng  the  more  recent  diacor- 

ft  iJi  Dot  ftrjrj/nxing  that  there  is  a  feeling  of  doobt  expressed 
wh^fo  tb^  r^rr  large  sams  of  monej  expended  bj  this  depart- 
roerit  are  rron«idered.  It  in  also  rery  natnral  to  attribute  these 
lar^e  exj^nditqres  directly  to  the  problem  of  porification. 
While  th'-re  la  ao  intimate  connection  between  the  separating 
KyMtr-rn  and  the  treatment  of  the  sewage,  yet  ft  is  not  reasona- 
\fU'  to  condemn  the  latter  becanse  the  former  is  necessary.  No 
iKrherue  haM  lieen  proposed^  by  any  one  familiar  with  the  sub- 
j^'/'f,  whioh  woold  accomplish  the  results  without  the  separa- 
tion of  the  waters  of  Millbrook  from  the  sewage.  There  has 
always  1^^'n  a  jKjpuIar  feeling  that  the  sewage  should  be  dis- 
charged into  tidewater.  Were  this  to  be  done  the  very  first 
step  to  he  taken  toward  its  accomplishment  would  be  to  sep- 
arate Hurfar-e  water  from  the  sewage,  and  to  do  it  much  more 
eompl<'t^Iy  and  at  vastly  greater  expense  than  is  believed  to  be 
Ufccn^^stry.  for  the  jjresent  at  least,  if  the  plan  for  local  treat- 
ment i«  f'Hained. 
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The  cost  of  the  separating  system  to  date  is  f749,069.16,  and 
it  will  cost  about  |200,000  to  complete  the  east  main  carrier. 

TMiile  this  expenditure  is  in  direct  compliance  with  the  act 
prohibiting  the  discharge  of  sewage  into  the  Blackstone  river, 
it  is  made  necessary  no  more  by  the  plan  adopted  for  local 
treatment  than  would  it  be  for  any  other  reasonable  plan,  in 
fact  not  one  of  the  many  experts  who  have  been  engaged,  either 
by  the  city  or  by  the  towns  opposing  the  city  to  study  this 
problem,  has  considered  any  other  plan  as  being  reasonable. 

The  expenditures  to  date  for  construction  of  the  purification 
works  is  |464,410.45.  This  considered  as  capital  invested 
would  at  3  1-2  per  cent,  add  |16,254.36  to  the  annual  running 
expenses.  For  1900  this  would  make  the  total  operating  ex- 
pense  f 66,327.70  or  f  0.56  per  capita. 

This  amount  adds  |0.59  to  the  tax  rate  for  1900.  While  it 
is  unfortunate  that  any  money  must  be  raised  for  the  disposal 
of  the  wastes  of  the  city,  yet  it  is  one  of  the  necessities  of 
nearly  every  city,  and  the  amount  doesn't  seem  unreasonable. 

The  average  daily  quantity  of  sewage  treated  this  year  is 
13.1  million  gallons.  Of  this  three  million  gallons  have  been 
treated  by  filtration  after  flowing  through  three  of  the  settling 
basins  to  remove  as  large  an  amount  of  the  floating  matter  as 
possible.  Of  the  effluent  from  the  chemical  treatment  an 
average  of  .66  million  gallons  daily  have  been  filtered,  so  that 
the  total  amount  of  effluent  from  the  filter  beds  running  into 
the  river  has  been  3.66  million  gallons  per  day. 

The  total  cost  of  running  the  purification  plant  has  been 
151,160.28.  This  item,  however,  includes  some  bills  for  stock 
used  in  1899,  and  the  amount  of  coal  and  lime  on  hand  paid 
for  before  December  1, 1900.  It  does  not  include  discounts  re- 
tained on  contract  bill,  and  which  cannot  be  paid  until  1901. 
The  actual  net  cost  of  maintenance  of  this  work  was  |o0,073.34. 

Chemical  Precipitation. 

No  material  changes  have  been  made  during  the  year  in  the 
method  of  chemical  treatment.  Lime  alone  is  added  to  the 
sewage,  and  this,  together  with  the  iron  salts  in  the  sewage, 
has  produced  a  very  satisfactory  effluent.  The  results  of  the 
chemical  treatment  are  shown  in  Table  14,  the  monthly  aver- 
ages of  the  daily  analysis  being  given. 
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Tabub  XIV. 

REStJLTS  OP  THE  CHEMICAL  PRECIPITATION  OP 
MofUHlf  A9€raff4t  0/  Atudftet  of  Sewage  mtM 

[P»rU  per  100,000i] 


DATB  or  COLLBCTIOK. 


Sewage.  December,  1800. . . 
Efflneot, 

Per  cent,  remored. 


Sewsffe,  JftDuary.  1000. . . .'. 

Effluent.       "  

Fet  cent,  removed. 

SewAge,  February,  1000. . . 

Effluent.  **  ... 

Per  cent.  remoTcd. 


Sewage,  liarch.  1000 

Effluent.      **  

Per  cent,  removed. 


Sewage,  April,  1000 

Effluent,     ** 

Percent,  removed. 


Sewage.  May,  1000 

Effluent,    "        **  

Per  cent  removed. 


Sewage,  June.  1000. 

Effluent.     •• 

Per  cent,  removed. 


Sewage,  July,  1000 

Effluent.    ••        ••  

Per  cent,  removed. 


Sewage.  August.  1000 

Effluent, 

Percent,  removed. 


Sewage.  September,  1000. . 

Effluent.  "  ••  .. 

Per  cent,  removed. 


Sewage,  October,  1000 

Effluent.       ♦'  "   

Per  cent,  removed. 


Sewage.  November,  1000. . . 

Effluent.        ••  •'  ... 

Percent,  removed. 


Percent,  removed. 


8.806 
1.706 
22.11 


Sewage  for  year  ending  Deo.  1,  lOOa 
Effluent       ^'  


1. 
1.846 
81 J8 

1.100 
.806 
86.78 


.606 
6.78 

.005 
.706 
18.15 

.Tth 
.760 
8.28 

.006 
1.006 
11.04 

1.688 
1.400 
4.40 

1.881 
1.238 
6.00 

1.344 
1.281 
4.60 

1.655 
1.446 
12.00 

1.304 
1.800 
6.74 


1.202 
1.137 
11.00 


Ammovxa. 


AUiUlflVOID. 


n 

£ 


«8 


OzTcm 

COSSVMBD 


I 

s 


o 

6 


1° 


.706 
.836 
66.87 

.884 
.888 
18.54 

JB8 
.008 

80.15 

0.02 

4.88 

4&86 

.630 
.280 
55.65 

.888 
.884 
10.60 

.877 
.005 
08.10 

7.61 

5.07 

83.87 

.544 
.281 
66.48 

.260 
.282 
17.47 

.875 
.000 
0&07 

7.88 

8w84 

60.85 

.4r8 
.177 
66.08 

.172 
.168 
.283 

.881 
.000 
00.18 

4.87 

8.80 

50.03 

.607 
.251 
60.40 

.866 
.845 
7.66 

.848 
.006 

07.58 

6.08 

8.18 

48.00 

.886 
.173 
66.05 

.808 
.170 
16.84 

.183 
.008 
08.85 

5.55 

8.72 

fiaoe 

.466 

.231 
40.34 

.238 
.218 
10.60 

.818 
.018 
01.78 

5.84 

8.06 

40.88 

.660 
.828 
41.32 

.800 
.281 
0.06 

.850 
.047 
81.21 

7.20 

8.77 

47.64 

.466 

.268 
44.51 

.202 
.840 
-28.87 

.268 
.000 

06.56 

7.87 

8.48 

68.07 

.608 
.286 
62.07 

.280 
.878 
-83.60 

.SoB 
.014 
06.40 

7.76 

8.06 

40.00 

.608 
.206 
57.58 

.828 
.888 
-20.73 

.476 
.008 
08.82 

8.81 
8.65 

58.56 

.700 
.315 
55.00 

.214 
.805 
^2.52 

.486 
.010 
97.06 

7.87 

4.13 

47.52 

.551 
.258 
53.18 

.244 
.247 
-1.23 

.806 
.011 
0&40 

7.18 
8.65 

40.17 

6l85 
4.08 


6J0 

5l07 

88.06 

4.48 

3.84 

14.20 

&1S 

8.30 

88.64 

8.84 
&1S 
6.28 

8.18 

8.78 

14.45 

8.82 

2.06 

10.84 

4.88 

8.77 

13.08 

4.04 

8.48 

80.77 

5.40 

8.05 

2&05 

6.78 

8.65 

46ul6 

&« 

4.13 

86.58 


4.88 

8.65 

S428 


-L06 

7.80 

&08 

-1.77 

5.84 

5.80 
a70 

4.70 
4.58 


5.48 
5i40 
1.46 

5.28 
5.88 

1.14 

a85 

6.46 

-8.80 

8.06 

8.28 

-1.73 

7.83 

7.08 

-4.50 

7.00 

7.65 

-0  66 

0.46 

7.02 

-8.07 

0.10 
5.08 

2.85 


6.64 

6.70 

-OJO 


8.1 


8.0 


8.6 


7.7 


ia4 


11.0 


las 


18.8 


11.8 


11.8 


18.4 


lai 


lai 


Note.— Mod tbly  averages  are  made  from  daily  analyses  of  sewage  and  effluent.    The  daily 

sewage  samples  consist  of  forty-eigbt  portions  taken  naif  hourly.    Sewage  samples  are  taken 

as  nearly  as  poAsible  in  proportion  to  the  amount  of  sewage  being  received  at  the  time  of  the 

wmpling.    Effluent  samples  consist  of  twenty -four  portions  taken  hourly.    The  figures  for 

^verage  flow  per  day  represent  sewage  obemically  treated. 
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Tabus  XV. 

RESULTS  OF  FILTRATION  OF  THE  SBWAOE. 
Monthljf  Avtraget  of  Anaiyn  of  Sewofft  and  FiltraU. 

(Parts  per  100,000.} 


DATS  OF  CX>LLBCTION. 


Sewage,  December,  1800 

Effiaenv        "  **  

Per  cent,  removed 

Sewage,  January,  1000 

Effluent,       "  "  

Per  cent,  removed 

Sewage,  February,  lOOOc 

Effluent,        "  *•  

Per  ^t.  remoyed 

Sewage,  March,  1000 

Efflnen^     "         **  

Per  cent,  removed 

Sewage,  April,  1000 

Effluent,     •*        •*  

Per  cent,  removed 

Sewage,  May,  1000 

Effluent,    "        ••  

Per  cent,  removed 

Sewage,  June,  1000 

Effluent.    ••        ••  

Per  cent,  removed 

Sewage,  July,  1000 

Effluent,     "       "  

Per  cent,  removed 

Sewage.  August,  1000 

Effluent,       '*         "  

Per  cent,  removed 

Sewage,  September,  1900 

Effluent.        "  *•  

Per  cent,  removed 

Sewage,  October,  1000 

Effluent,       "  "  

Per  cent,  removed 

Sewage,  November,  1000 

Effluent.  "  "  

Per  cent,  removed 

Sewage  for  year  ending  Deo.  1, 1000.. . . 

Effluent       ^'  ••  *•       "     .... 

Per  cent,  removed 


AMMOMIA. 


Free. 


1.680 
1.827 
-12.00 

1.415 
1.677 
-1.86 

.867 
1.108 
-27.80 

.500 
.010 
-54.28 

.862 
1.801 
-61.88 

1.010 
1.840 
-81.62 

1.581 
2.486 
-86.80 

2.881 
4.011 
-40.80 

2.155 
2.544 
-15.29 

2.847 
2.206 
6.05 

2.188 
2.265 
-8.16 

1.900 
2.890 
-25.78 


ALBUMINOID. 


I 


"i 


00 


a' 

I? 


OXTOBN 

COHSUMBD 

«$ 

a 

t 

at 

i 

i 

P2 

Si 

1.624 
1.892 
•16.50 


.647 
.052 
01.00 

.823 
.052 
88.00 

.588 

.088 
02.04 

.258 
.088 
85.27 

.802 
.068 
85.10 

.188 
.058 
68.20 

.258 
.046 
82.17 

.145 
.046 
6a  26 

.257 
.080 
88.88 

.105 
.080 
80.65 

.2^ 
.043 
84.50 

.143 
.013 
60.08 

.694 
.002 
86.74 

.818 
.092 
70.02 

.686 
.110 
83.97 

.260 
.110 
50.10 

.426 
.089 
79.11 

.213 
.089 
58.21 

.740 
.100 
86.50 

.220 
.100 
54.55 

.719 
.090 
87.60 

.249 
.090 
63.86 

.545 
.077 
85.86 

.263 
.077 
70.71 

.447 
.065 
85.47 

.226 
.066 
71.24 

.824 
.000 
100.00 

.380 
.000 
100.00 

.200 
.000 
100.00 

.113 
.000 
100.00 

.102 
.000 
100.00 

.136 
.000 
100.00 

.881 
.000 
100.00 

.417 
.000 
100.00 

.218 

.000 
100.00 

.520 

.000 
100.00 

.470 
.000 
100.00 

.282 
.000 
100.00 


.221 
.0(X) 
100.00 


&66 

2.10 

76.71 

0.55 

2.80 

74.96 

5.82 

1.24 

76.67 

3.28 

0.41 

87.80 

4.04 

0.80 

8019 

4.53 

068 

85.00 

6.60 

1.81 

72.57 

8.08 

1.18 

85.81 

6.26 

0.67 

88.80 

8.13 
065 

92.00 

7.22 

095 

86.86 

6.70 

OW 

87.44 


6.32 

1.17 

81.49 


7.00 

2.10 

70.00 

a28 

7.97 
a  16 

7.42 

280 

67.70 

a42 
a  14 
a88 

M7 

1.24 

60.88 

5.28 
5.17 
1.15 

2.58 

0.41 

84.12 

a96 

a65 

a29 

8.84 

080 

76.05 

4.01 

4.05 

-0.81 

3.77 

068 

81.98 

5.58 
5.11 
a42 

5.43 

1.81 

66.74 

7.25 

032 

12.83 

4.46 

1  18 

78.65 

0.10 
a79 
404 

8.74 
067 

82.08 

9.42 

9.06 

a6i 

4.96 

0.66 

86.90 

a96 
a  63 
a68 

4.73 

095 

79.91 

7.78 

7.90 

-1.54 

5.32 

OM 

84.24 

7.06 
6.89 
2.41 

4.53 

1.17 

74.16 

7.11 
6.80 
4.36 

a8 


a7 


as 


a6 


4.8 


4.8 


a7 


1.0 


2.5 


as 


1.7 


as 


ao 


Note.— The  figures  for  average  flow  i>er  day  represent  sewage  treated  on  filter  beds. 
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Table  XVI. 

RESULTS  OP  CHEMICAL  PRECIPITATION  AND  FILTRATION  OF  THE  SEWAGE. 
Monthly  Av€rags$  of  AnalytM  of  8ewag€  and  E^umtfrom  Chemical  iVw^pttotfM 

and  Filtration  Combined. 

[Parts  per  100,000.] 


DATI  or  COLLBCTIOH. 


Sewftge.  Deoembar,  1899 

Effluent,        ••  ••  

Per  cent,  removed 

Sewaffe.  January,  1900 

Effluent.        ••         *•  

/  Per  cent,  removed 

Sewage,  February,  1900 

Effluent.        '•  '•  

Per  cent,  removed 

Sewage,  March,  1900 

Effluent.       •'        "  

Per  cent,  removed 

Sewage.  April.  1900 

Effluent.     •■ 

Per  cent,  removed 

Sewage,  May.  1900 

Effluent.    •'        ••  

Per  cent,  removed 

Sewage,  June,  1900 

Effluent.    "        *•  

Per  cent,  removod 

Sewage.  July,  1900 

Effluent.     •'       •*   

Per  cent,  removed 

Sewage,  August,  1900 

Effluent,       •'  *•  

Per  cent,  removed 

Sewage,  September,  1900 

Effluent.  ••  "   

Per  cent,  removed 

Sewage,  October,  1900 

Effluent.       *'  •'  

Per  cent,  removed 

Sewage.  November,  1900 

Effluent.  *'  •'  

Per  cent,  removed 

Sewage  for  year  ending  Dec.  1,  1900. 
Effluent.  '•  «>       •« 

Per  cent,  removed 


Free. 


2.122 

1.779 
16.16 


AMMOimL 


ALBUMIHOID. 


5 

g 


cio 


a> 


.740 
.278 
6&11 


1.688 
1.871 
11.11 

.647 
.181 
66.91 

1.016 
.916 
9.76 

.488 
.166 
66.87 

1.207 
.096 
4X86 

.867 
.186 
02.19 

.802 
.960 
-8.68 

.484 
.180 
67.16 

.880 
.916 
-10.24 

.866 

.187 
61.42 

1.823 
1.897 
-6.74 

.619 
.194 
02.02 

1.601 
1.602 
-8.80 

.609 
.812 

47.30 

1.642 
1.467 
4.86 

.468 
.228 
60.21 

1.697 
1.600 
M9 

.684 
.867 
62.41 

1.489 
1.647 
-8.89 

.700 
.271 
61.80 

1.506 
1.687 
-2.13 

.660 
.208 
6a60 

1.868 
1.309 
4.17 

.637 
.214 
60.39 

.870 
.270 
27.08 

.261 
.177 
82.19 


.160 
88.19 

.108 
.180 
20.24 

.288 
.182 
21.80 

.184 
.184 
27.17 

.266 
.181 
29.86 

.800 
.208 
12.41 

.204 
.222 
-&11 

.286 
.240 
-4.08 

.225 
.204 
-17.84 

.226 
.260 
-18.78 


.240 
.205 
16.92 


I 


OZTGKH    I 
OORBVmD,     d 

o 


u? 


o 

6 


s  >» 


.870 
.008 
09.19 

.280 
.004 
96.56 

.250 
.010 
90.01 

.194 
.006 
97.48 

.201 
.004 
96.02 

.171 
.008 
96.24 

.201 
.018 
95.04 

.208 
.044 
88.26 

.254 
.006 
97.25 

.240 
.011 
95.50 

.475 
.007 
96.61 

.441 
.007 
08.42 


.287 
.000 
06.85 


0.41 

4.S0 

58.07 

&10 

4.20 

47.02 

6.50 

280 

50.14 

4.86 

1.70 

50.54 

5i44 

2.45 

54.00 

5.10 

2.15 

57.64 

0.04 

2.00 

55.07 

7.20 
2.80 

oaoi 

7.02 

2.04 

02.86 

&88 

8.80 

50.01 

a02 

8.88 

01.40 

7.02 

8.42 

56.11 


0.00 
8.06 


0.43 

4.80 

88.13 

0.88 

4.20 

81.10 

4.00 
2.60 

27.74 

2.06 

1.70 

40.88 

8.84 

2.45 
20.05 

2.80 

2.15 

28.21 

2.87 
2.00 
7.82 

4.88 

2.60 

84.00 

4.73 

2.04 

87.64 

6.72 

8.80 

41.20 

6.53 

8.82 

40.10 

5.56 

8.42 


8.40 

&48 
-a23 

6.06 

8.06 

.&1S 

5^88 
5.19 

a7« 

4.47 
4.24 
5.15 

5.81 
5.27 
0.75 

5.86 
5.10 

8.  IB 

0.61 
0.81 
8.07 

8.10 

6.26 

-1.28 

7.01 

&18 

-8.02 

&47 
8.43 
0.47 

7.28 

7.43 

-2.91 

0.81 
0.1S 
2.85 


4.75 
8.08 


56.04    8&10 


0.78 
0.78 
a89 


ia4 


12.7 


ia4 


ILS 


117 


15.S 


110 


1S.2 


US 


116 


HI 


12.9 


1S.1 


?'«iIfr"iS*  ^^^^  ^^^  average  flow  per  day  represent  sewage  treated  both  ch^mieaUy  snd 


filter  beds. 
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Tables  17  and  18  show  the  amount  of  organic  matter  re- 
moved by  the  process  during  several  years.  The  results  of  the 
treatment  this  year  compare  very  closely  with  those  of  former 
years.  The  chemical  treatment  has  required  the  use  of  1^0 
pounds  of  lime  per  million  gallons  of  sewage  treated. 

The  net  cost  of  the  chemical  treatment  has  been  119,232.15, 
which  would  make  the  cost  per  million  gallons  treated  f5.22. 
To  this  should  be  added  the  cost  per  million  gallons  sewage 
treated  for  disposing  of  the  sludge — (6.48,  making  a  total  of 
fll.69. 

*  Sludge  Disposal. 

The  method  and  process  of  disposing  of  the  sludge  from  the 
chemical  treatment  have  been  more  satisfactory  than  in  any 
previous  year. 

The  total  amount  of  sludge  pumped  from  the  settling  basins 
was  41.5  million  gallons,  of  which  only  two  million  gallons  were 
run  onto  the  sludge  beds,  and  this  in  cold  weather.  These 
two  million  gallons  of  sludge  not  pressed  were  mostly  removed 
from  crude  sewage  without  chemicals,  the  effluent  being  run 
onto  the  filter  beds. 

Table  19  gives  some  of  the  more  interesting  statistics  in  con- 
nection with  this  work.  It  will  be  noticed  that  the  cost  of  press- 
ing has  been  reduced  from  f4.64  in  1899  to  |3.15  per  ton  of 
solids. 

The  reduction  in  cost  of  sludge  pressing  in  1900  over  that  of 
last  year  was  nearly  20  per  cent. 

The  pressed  sludge-cake  has  been  carried  to  a  piece  of  land 
leased  for  the  purpose  and  used  for  filling.  This  makes  a 
final  disposition  of  this  material,  and  there  is  room  enough  to 
last  for  several  years. 

The  large  accumulations  of  sludge  on  the  land  leased  from 
Mr.  John  L.  Willard  should  be  disposed  of,  and  the  ground 
under  it  got  into  shape  to  give  back  to  the  owner.  There  is 
no  reason  for  leaving  it  longer  in  its  present  unsightly  and  un- 
productive condition,  except  the  fact  that  sufficient  appropria- 
tions are  not  made  to  cover  the  expense  of  removing  the  sludge. 
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51.56 
95.76 
51.92 

• 
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57.06 
96.56 
53.81 

i 

*4 

54.86 
91.58 
50.84 

• 

s 

57.14 
94.30 
55.46 

i 

»4 

56.10 
93.35 
53.15 

i 

W4 

52.93 
90.75 
61.08 
72.91 

• 

55.02 
95.76 
53.78 
94.36 
50.23 
92.42 

i 

*4 

50.88 
90.67 
48.49 
76.67 
33.65 
80.85 

p 
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n 
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p4 

54.48 
96.85 
46.49 
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49.81 
94.16 
49.85 
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48.67 
93.55 
46.20 
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52  00 
91.45 
50.78 
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Filter  Bbdb. 

The  fonrteen  filter  beds  bnilt  in  1899  have  been  in  opera- 
tion thronghont  the  year,  and  have  given  very  good  results. 
Table  15  g^ves  resolts  of  analyses  of  sewage  and  effluent  from 
this  part  of  the  plant. 

An  average  of  3.66  million  gallons  of  water  have  been  turned 
onto  the  filters.  Two  beds  have  been  used  for  filtering  chemi- 
cal effluent. 

They  have  received  an  average  of  330,000  gallons  per  acre 
per  day,  and  have  given  very  satisfactory  results.  One  new 
filter  has  received  sewage  from  the  septic  tank,  and  the  other 
eleven  have  received  sewage.  Before  being  run  onto  the  filters 
the  sewage  has  been  allowed  to  flow  through  three  of  the  set- 
tling basins,  each  receiving  its  proiK>rtional  part.  The  cur- 
rent through  the  tanks  has  been  so  rapid  that  the  precipitation 
of  solids  was  not  as  complete  as  was  desired.  It  was  impossi- 
ble, however,  to  devote  more  basins  to  this  work  and  maintain 
the  efficiency  of  the  other  treatment. 

The  effluent  from  the  filters  has  shown  a  fairly  good  degree 
of  purification,  although  the  nitrification  has  been  low. 

The  cost  of  filtering  the  sewage  has  been  f6.36  per  million 
gallons,  not  including  the  cost  of  disposing  of  the  sludge  re- 
moved by  subsidence. 

Septic  Treatment. 

Much  study  has  been  given  the  action  of  bacteria  in  the  puri- 
fication of  sewage.  The  process  in  which  the  germs  are  the 
important  factor  is  very  interesting,  and  appears  of  the  ^utmost 
importance  in  the  disposing  of  sewage. 

Decomposition  is  the  first  step  in  the  process.  It  is  brought 
about  by  certain  species  of  bacteria.  They  thrive  best  where 
they  do  not  come  in  contact  with  any  oxygen,  although  they  do 
not  refuse  to  work  in  its  presence. 

Having  undergone  a  certain  amount  of  decomposition  the 
water,  now  laden  with  the  simpler  substances,  is  subjected  to 
the  action  of  another  species  of  germs  by  which  the  organic 
substances  are  transformed  into  inorganic  and  non-putrescible 
compounds. 
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When  this  result  is  obtained  in  a  filter  there  are  no  sharp 
division  lines  between  the  different  stages  of  the  process.  It 
has  been  proven,  however,  that  a  better  resnlt  can  be  obtained 
by  isolating  the  different  species  and  giving  to  each  the  kind 
of  work  to  do  for  which  it  is  best  adapted.  This  prevents  the 
hindrance  of  the  one  by  the  conditions  required  by  the  other, 
which  cannot  be  avoided  when  both  are  in  close  contact. 

To  accomplish  such  a  result  it  has  been  suggested  that  the 
first,  or  destructive  stage  be  carried  on  in  a  tank  or  cesspool. 
In  such  a  procedure  the  sewage  flows  slowly  through  a  tank, 
so  slowly  that  it  decomposes  while  in  the  tank.  The  solid 
matter  settles  to  the  bottom,  where  more  or  less  of  it  decora- 
poses  or  is  dissolved  by  the  water.  Large  quantities  of  gas 
are  generated  by  the  putrefactive  process,  and  this  being  held 
in  the  sludge  frequently  causes  it  to  float,  often  forming  a  thick 
scum  over  the  entire  surface  of  the  tank. 

In  the  month  of  May  one  of  the  basins  at  the  purification 
works  was  put  into  operation  as  a  septic  tank.  Bewage  at  the 
rate  of  300,000  gallons  a  day,  one  filling  of  the  tank,  was 
allowed  to  flow  slowly  through  it.  This  has  been  continued  to 
date,  and  there  is  substantially  no  more  sludge  in  the  basin 
than  there  was  six  weeks  after  it  was  started.  Some  of  the 
time  there  has  been  a  scum  on  the  surface  of  the  water,  but  a 
heavy  shower  or  a  high  wind  will  liberate  the  gas,  and  the 
floating  matter  settles  to  the  bottom  again. 

The  effluent  from  the  basin  has  at  all  times  been  very  dark 
colored,  and  has  contained  very  fine  suspended  matter.  The 
suspended  matter  observed  in  the  fresh  sewage  does  not  appear 
in  the  effluent. 

Analysis  of  the  effluent  shows  that  much  organic  matter  has 
been  decomposed. 

The  odor  arising  from  the  effluent,  as  well  as  from  the  tank 
itself,  is  offensive  in  the  extreme.  When  the  filters  receiving 
this  water  are  wet,  the  odor  from  them  is  very  marked.  A 
subject  for  further  investigation  is  here  presented,  and  if  it  is 
found  impossible  to  prevent  these  disagreeable  evidences  of 
putrefaction,  the  adoption  of  the  scheme  on  a  large  scale  will 
be  a  subject  for  serious  consideration. 

The  gas  generate<l  from  these  decomposing  substances  is 
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ERRATA. 

Table  VUI—Page  15. 

Total  for  December  =  2.05  instead  of  1.82. 
Insert  May  1  =  .02.  • 

May  2  =  .23. 

May  3  =  .12. 

July  8  =  .07. 

Jaly  12  =  1.00. 
fiiake  total  for  May  4.68. 
Make  total  for  July  2.87. 
Grand  total  :==  34.97. 

Table  UL—Page  16. 

January  11  and  12,  0.69  instead  of  0.89,  and  .03  instead  of  .04. 
April  27  and  28,  0.78  instead  of  .91,  and  .05  instead  of  .06. 
April  8,  9  and  10,  =  .12  (total  precipitation).    Insert. 
March  16  and  17  instead  of  March  16,  and  .08  instead  of  .02. 
December  3,  4  and  5, 1.57  instead  of  1.40. 
August  7, 1.20  instead  of  1.10. 

Pao;b  29— Line  2. 
Instead  of  $44,352.82,  read  $43,773.99. 


To  the  Honorable  City  Council  of  the  City  of  Worcester. 

In  compliance  with  Section  21,  Chapter  34,  of  the  City  Ordi- 
nanceSy  the  following  report  of  the  work  and  the  condition  of 
the  Sewer  Department  for  the  fiscal  year  of  1901  is  prepared. 

Respectfully  submitted, 

HARBISON  P.  EDDY, 

Superintendent  of  Sewers. 

Office  of  the  Sewer  Department,  December  15,  1901. 


MEMBERS  OF  THE  COMMITTEE  ON  SEWERS,  1901. 


Alderman  LouiB  J.  Kendaijl,  Obaimum, 

Alderman  Edwasb  J.  McMahon, 

Alderman  Johk  W.  Mitcheix, 
Gonncilman  Nelson  H.  Dayib, 

Councilman  Gbobge  H.  Nutt, 

Councilman  Jai£EB  P.  Cbosby, 

Councilman  Thomas  F.  Harnet. 


REPORT  OF    THE  SUPERINTENDENT  OF 

SEWERS. 


A  large  amount  of  work  has  been  done  by  this  department 
during  the  year  joBt  ended.  While  the  number  of  men  em- 
ployed has  been  smaller  than  during  the  year  previous,  the 
work  has  been  fully  as  heavy  and  difficult. 

From  December  1  to  April  1  the  average  number  of  men 
employed  was  168,  and  fhe  minimum  number  for  any  one  week 
was  107.  From  April  1  to  the  end  of  the  year  the  number  of 
employees  averaged  366,  with  a  maximum  of  462,  during  the 
week  ending  June  21.  The  minimum  rate  of  wages  for  able- 
bodied  men  has  been  f  1.75  per  day  of  eight  hours.  The  length 
of  the  working  day  was  limited,  by  popular  acceptance  of  the 
statute,  to  eight  hours  at  the  election  in  December,  1900.  This 
change  has  had  a  very  material  effect  upon  the  cost  of  the 
work  this  year.  As  the  major  part  of  the  excavation  was  de- 
pendent  upon  machine  work,  it  was  impossible  for  the  men 
to  accomplish  any  more  than  eight-ninths  as  much  work  as 
formerly,  because  the  machines  had  always  operated  at  as  high 
a  speed  as  posible. 

Most  of  the  work  done  has  been  on  the  separating  system, 
and  has  been  very  deep,  much  of  it  between  twenty  and  thirty 
feet  below  the  surface  of  the  streets.  Excavations  have  been 
made  through  gravel,  hardpan,  quicksand  and  ledge.  Two 
short  tunnels  have  been  driven,  one  through  quicksand,  under 
air  pressure,  and  one  through  rock. 

The  financial  statement  is  presented  in  Table  I,  which  shows 
appropriations  and  revenues  available  for  the  use  of  the  de- 
partment, amounting  to  |400,728.50,  of  which  |374,276.63  has 
been  expended. 
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Table  I. 
SUMMARY  OF  FINANCIAL' RESOURCES  FOR  1901. 


Balance  Dec.  1, 1900 
Appropriatioii 
ABseaamentB 
Revenue 


Maintenance.    Constraction. 


I 


Total 

Total  expended 


Balance  Dec.  1,  1901 


Amounto  expended  for 
bills  accrued  before 
Dec.  1,  1900 


$748  02 
19,000  00< 

3,158  09 

22,906  11 

22,888  78 

• 

17  33 


$1  78 
30,000  00 
36,231  40 
41,260  76 


107,483  94 
103,834  74 


3.649  20 


Purification. 


$  24 
41,000  00 


1,540  05 

42,540  29 
42,540  03 


14  75 


Amounts  of  bills  ac- 
crued during  fiscal  year 
still  unpaid 


True  costs  of  work  done' 
during  fiscal  year  ' 


458  80 


26 


Statutes  of 
1900. 


$26,520  39 
200,000  00 


1,277  77 


227,798  16 
205,013  08 


22,785  08 


1,212  38 


2,446  34 


633  55 


32  50 


23.332  83 


99,312  55 


*Of  this  amount  82,000  was  taken  from  license  money. 

The  revenue,  as  credited  to  the  account  of  construction, 
arises  largely  from  the  system  employed  for  providing  tools 
and  supplies.  For  this  purpose  a  shop-account  is  kept,  and  all 
supplies  are  charged  to  this  account  until  used.  In  addition 
to  this,  the  cost  of  delivery  and  of  carpenter  and  machine  work 
done  is  charged  to  this  account.  Each  month  bills  are  made 
out  in  favor  of  the  shop,  and  are  charged  to  the  work  upon 
which  the  materials  are  used.  By  this  method,  supplies  can 
be  purchased  at  much  better  prices  than  when  they  are  ob- 
tained in  small  quantities  for  individual  requirements. 

Following  is  a  schedule  of  the  lengths  of  sewers  built  under 


Its  of  cfMMtmctioB  and  septtntioa,  t<^|p^tter  wsA  ilie 
iLTmher  of  BuuJioles  and  cmtch4MttBas: 


<h 


Sewers    2..9(&« 

Surface  water  drains 3±f     "^ 

Toad   3J9«     -- 

Sepa&ating  Ststtsm. 

Sewers 3.3&!  mUes. 

Surface  water  drains JS6     * 

Total    3-168     ** 

Brick  Skwbbs. 

Sewers 1-657 

Surface  water  drains 168 

Total    1.S25     - 

Total  miles  of  sewers 7.377 

Total  Dumber  of  manholes  built 257 

Total  number  of  catch-basins  built 136 

The  statements  made  in  the  last  report  regarding  needed 
improTements  at  the  headquarters  on  East  Worcester  street 
are  just  as  true,  and  should  be  made  fully  as  urgent. 

The  machinery  and  tools  owned  by  the  department  are  for 
the  most  part  in  good  condition.  One  or  two  new  hoisting- 
engines  might  be  purchased,  and  would  add  materially  to  the 
equipment. 

The  excayating  machines  owned  by  the  city  have  been  in 
use  throughout  the  season,  and  for  several  months  two  were 
hired  from  the  Carson-Trench  Machine  Company.  Two  or 
three  hoisting-engines  hare  been  hired  during  the  busy  sea- 
son. 
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A  SIMnch  X  SIMnch  x  lO^oot  metal  planer  and  a  22-iii€h  x  13- 
foot  eng^n^  lathe  hare  be^i  added  to  the  eqaipmmt  of  the  ma* 
cbine  sbopu 

The  fvtock  used  in  the  conatrnetion  of  sewen  and  the  treat- 
ment of  sewage  has  been  very  aimilar  to  tfaat  oaed  last  year. 
Table  IT  given  the  qnantitiea  porchafled,  and  the  contract 
pricen  paid  for  the  same  during  the  last  fonr  years. 
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Tabu  VI. 

RECORD  OF  TESTS  OW  POaTULJTO  CEXEyr~:5r-VAr      t^iJI.  tfM 

BER  t,  taw,  TO  DBCBMBfiR  U  t»UU. 
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'ni?IHU«a  <riMIM..n|» 


Per  Cent 
Passim;  Tbroimb 
Sieve. 


No.      No. 
30         UN) 


N«>. 
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Al9h& 1 
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I 
3 
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Star 4 

Sumdartt i 

Stonn  King. ...         I 
Coele  Sam I 


W.3  ,  dl.r  73.7  1  *»  dW  T& 
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90.7  98^  ,   7Q.I  IW  dau  dM  -'m 


'9t 


90.9      99.  .1      91.2 


907 

94.0 
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9«.T 
92.  .> 


-iW     HH 


9H.t)  ,    «..^     31*7      TTi      m      MB      WI       VfT      «Q. 
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Table  VII. 

RECORD  OF  TESTS  ON  PORTLAND  CEMENT— NEAT.     DECEM- 
BER 1,  1900,  TO  DECEMBER  1,  1901. 


Brand. 


Pi 

a 

O  CO 

1^ 


FINKKBSS. 

TBH8ILB  STBSNGTH. 

Per  Cent. 

PassiDff  Through 
SieTo. 

• 

• 

t 

m 

1 

1 

1 

No. 

No. 

No. 

VD 

60 

100 

200 

0} 


Atlas 

Dragon 

Germanla. . 
Helderberg 

Lehigh 

Nazareth. . . 
Universal . . 
Vulcanised. 
Whitehall . 


7 
61 
1 
1 
2 

o 

1 
I 
1 


99.8 
99.4 
99.9 
99.9 
99.6 
99.8 

Mf«V 


99.8 


92.2 
95.0 
94.0 
09.6 
91.1 
96.2 
97.6 


94.9 


74.5 
75.2 
65.6 
92JS 
70.8 
76.7 
78.8 


86.3 


828 
419 
416 
296 
447 


506 

225 
281 


623 
747 
484 
716 
883 
768 
843 
887 
766 


611 


750 


706 


797 


817 


785 


664 


773 


707 


876 


Testing  Labobatoby. 

The  work  done  in  this  laboratory  has  remained  aboat  the 
same  as  last  year,  and  has  proved  of  material  value. 

The  tests  of  cement  are  becoming  more  and  more  valaable 
and  interesting  as  more  of  the  long-time  tests  are  obtained. 
This  year  the  first  36  months'  tests  were  completed. 

The  department  met  with  severe  loss  in  the  death  of  Mr. 
Edward  L.  Smith,  who  had  been  connected  with  the  work  for 
several  years  as  a  chemist.  Mr.  Smith  was  largely  instrumen- 
tal in  the  establishment  of  the  laboratory  for  testing  supplies, 
and  to  his  careful  and  conscientious  work  much  credit  is  due 
for  the  success  attained. 

The  records  of  rainfall  are  presented  in  Tables  Vni  and  IX. 
The  observations  are  made  at  the  purification  works. 

It  is  interesting  to  note  that  there  have  been  no  heavy 
showers  during  the  year.  There  were  only  six  showers  in 
which  the  precipitation  in  twenty  minutes  exceeded  one-half 
inch,  and  none  in  which  it  was  more  than  one  inch. 
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Tabi<b  IX. 
RAINFALL  AT  THE  PURIFIOATION  WORKS  DURING  FISCAL 

YEAR  OF  1901. 


Duration  of  Storm. 


Boan. 


From 


&s 


OB 


Period  of  Greatest 
Precipitation. 


Uoim. 


From 


si 

p 


December 


4-5 


January 


February 
March 


Aprtl 


May 


ti 
»• 


s 

24 

28 
90 
31 
0 
10 

11-12 

16 

17 

4 

4 

4-5 
8-9 
11 
16 

20-21 
24 

36-27 
2-3-4 
6-7 
15-16 
20-25 
80-1 
2-8 
10 

10-11 
13 

18-10 
22-23 
24 

26-27 
27-28 
20 
30 

I- 

22 

23 

23 
»> 

w 

5 
8 
12 
18 
24 
20 
30 
August  4 

7 

17-18 
19 
20 
24 

September    1 
11 

11-12 
12-13 
13 
15 

17  18 

29 

30 

3 

6 

13-14 
17 
I 
12 
10 
24-25 


June 


July 


8 


Ociober 


November 
<> 

it 


43.0 

11.00P.X.  of  Srd, 

10.3 

12.00  P.M.  of  23rd. 

5.0 

9.00  P.M. 

5.0 

12.00  P.M.  of  SOtta. 

15.0 

7  00  A.11. 

10.0 

1.00  P.M. 

210 

2.00  p.m.  of  nth. 

'206 

4.00  AM. 

3.3 

1  00  P.M. 

9.7 

5.00  P.M. 

9.3 

10.00  P.M. 

14.7 

1.00  a.m. 

20.0 

12.00  M. 

7.7 

2.00  P.M. 

223 

2.40  A.M.  of  26tta. 

36.7 

11.00  P.M.  of  2nd. 

20.0 

3  00  p.m.  of   6tll. 

5.5 

7.20  P.M. 

126.3 

2.40  p.m.  of  20th. 

137 

2.20  P.M.  Of  80th, 

15  7 

12.40  P.M. 

5.7 

12  00  p.m.  of   9th, 

14.3 

2.00  p.m. 

6.3 

3.20  A.M. 

16  3 

7.40  a.m.  of  18th, 

6.7 

11.40  p.m.  Of  22nd, 

5.8 

5  00  p.m. 

7.0 

9.40  P.M.  Of  26th. 

14.7 

2  20  P.M.  Of  27th, 

67 

5.00  P.M. 

0.7 

8.00  P.M. 

ia7 

4.40  P.M. 

5.3 

5.00  A.M. 

6.6 

12.00  p.m.  of  22nd, 

1.0 

3.20  P.M. 

3.0 

5.00  p.m. 

10  0 

12.00  P.M.  of    4th. 

1.3 

8.00  P.M. 

1    15.0 

4.00  a.m. 

2.2 

12.40  P.M. 

8.0 

12.40  P.M. 

6.0 

12.20  a.m. 

0.7 

12.00  P.M.  Of  29lh. 

1.00  P.M. 

13.0 

1.00  A-M. 

14.0 

3.00  P.M. 

14  0 

5.40  P.M. 

2.0 

10.00  p.m. 

12.7 

1.20  p.m. 

14.5 

6.20  A.M. 

3.5 

a  20  a.m. 

14.0 

4.00  P.M. 

'    14.7 

4.00  P.M. 

2.0 

4.40  P.M.                 , 

7  20  P.M. 

0.5 

10.40  A.M. 

i     '^■'^ 

3.00  A.M. 

1.7 

12.00  p.m.  Of  29th. 

3.7 

8.20  a.m. 

1.6 

2.20  a.m. 

37.0 

10.20  A.M.  of  13th. 

I.O 

1.40  p.m. 

1     "'     I 

3.20  P.M. 

.20.0 

2.20  A.M. 

24.0 

12.(K)  P.M.  Of  18t>l. 

220 

7.00  A.M. 

1.40» 

0.17 

0.06* 

0.16 

0.07 

0.10 

0.29* 

0.89f 

0.06 

a06* 

0.67* 

0.15 

0.80* 

0.31 

1.68 

0.02 

1.07 

0.17 

0.96 

1.76 

1.63 

0.16 

2.67 

0.82 

0.85 

0.11 

0  71 

0.28 

1.81 

0.00 

0.63 

0.83 

0.91 

0.02 

0.07 

0.40 

0.66 

0.07 

0.10 

0.12 

0.18 

O.07 

1.00 

0.37 

0.62 

0.49 

0.02 

0.02 

1.10 

0.48 

0.10 

0.07 

1.47 

0.47 

0.19 

0.22 

0.17 

0.17 

0.27 

0.56 

0.63 

0.26 

0  55 

0.08 

2.00 

0.05 

0.08 

033 

o.oot 

1.44+ 


.03 
.02 


.08 
.01 
.01 
.08 
.04 


.03 
.06 
.08 
.08 
.11 


.06 
.02 
.04 
.06 
.06 
.08 
.02 
.02 
.02 
.02 
.06 
.04 
.06 
.01 
.11 
.05 
.06 


.10 
.04 
.12 
.01 
.10 
.04 
.02 
.06 
.07 
.17 
.08 
.06 
.03 


.08 
.03 
.01 
.01 
.12 
.08 
.05 
.02 
.01 
.09 
.01 
.11 
.08 
.20 
.15 
.05 
.05 
.(& 
.03 
.02 


.07 


.27 


.06 
.06 
.06 


.12 
.06 
.15 


.48 


.42 
.06 
.86 
.24 
.21 


.27 
.15 
.27 
.06 
.24 
.12 
.15 
.06 
.27 
.21 
.15 


.15 
.12 
.66 


.21 
.06 
.06 
.12 
.27 
.63 
.80 
.80 


17.5 


4.0 


1.0 


7.0 


4.5 
4.0 
7.3 
8.8 
10.0 


10.20  a.m.  of  ith. 


1.00  p.m. 


10.00 


7.00 


1.00  a.m.  of  2l8t, 

4.00  P.M. 

8.00  A.M. 

3.00  A.M.  Of    8rd. 

8.00pj[.of    6th, 


1.7 
1.7 
1.8 
2.0 


9.40  P.M.  of  aoth, 

10.40  PJf . 

12.20  A.M. 

2.20 


2.5     aOO  P.M. 


4.3 
1.0 
4.3 


1.7 
1.8 


.51 
.89 


6.0 
0.7 
2.8 
1.8 


6.00 

11.00  P 

2.40  P 


Of  95th, 
of  27th, 


10.20  PJI. 
6.20  a.m. 


5.00  A.M. 
12.40  A.M. 

2.20  A.M. 
12.S0  AJI. 


5.3 
1.0 


7.20  a 
12.40 


.87 
.27 
.24 
.21 
.27 
.83 
.30 
.90 
.52 
.48 
.45 
.09 
.86 
.06 
.06 
.06 


4.7 
1.7 


6.20  F.M. 
11.00  a.m. 


1.0 
0.7 
2.3 


0.7 
0.7 


7.20  P.M. 

10.40  A.M. 

5.40 


8.20  P.M. 
2.40  A.M. 


8.7     7.40  A.M. 


.21  I     6.7 


aCO  A.M. 


.09 


.06 


.12 


.20 


.14 
.04 
J» 
.15 
.13 


.10 
.10 
.06 
.18 


.10 


.14 
.18 
.10 


.00 
.89 


.14 
.46 
.20 
.20 


.15 
.12 


.29 
.17 


.15 
.74 
.21 


.41 
.07 
.14 


t  .10 


•Snow.  tSnow  and  rain.  tRate  per  hour  In  Inches. 
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Maintenance. 

The  larRe  increase  in  the  size  of  the  sewer  system  which 
has  taken  place  daring  the  last  few  years,  has  called  for  a 
continual  increase  in  the  amount  of  work  required  for  the 
proper  maintenance  of  the  same.  The  automatic  regulating 
gates,  siphons,  and  special  devices  call  for  considerable  at- 
tention, both  for  cleaning  and  maintaining  the  appliances  in 
good  working  order. 

At  the  beginning  of  the  year  there  were  2,288  catch-basins, 
and  this  year  136  new  ones  have  been  constructed.  The  clean- 
ing of  these  basins  comprises  a  very  material  part  of  the  work 
of  maintenance,  but  the  proper  care  of  these  basins  prevents 
the  expenditures  of  a  very  large  amount  of  ^ney  for  the 
cleaning  of  the  sewers,  because  the  refuse  can  be  removed 
from  the  basins  at  a  small  fraction  of  the  cost  of  removing  it 
from  the  sewers.  There  have  been  removed  from  these  basins 
12,986  cubic  yards  of  refuse.  This  has  been  hauled  away  at 
the  rate  of  one  and  one-fifth  yards  per  load,  and  at  the  cost  of 
61  cents  per  cubic  yard,  including  the  entire  expense  of  haul- 
ing, as  well  as  removal,  from  the  catch-basins.  An  important 
factor  in  the  cost  of  this  work  is  the  length  of  haul,  which  in- 
creases each  year,  as  the  old  dumps  located  near  the  centre  of 
the  city  are  abandoned. 

The  work  done  by  the  public  service  corporations  in  the 
streets  has  required  expensive  repairs  of  catch-basins  and  man- 
holes. This  work  is  not  classified  with  the  natural  repairs 
and  maintenance  of  the  system,  but  is  classed  in  a  separate 
item,  as  seen  in  the  accompanying  table. 

The  recommendations  made  in  the  last  report  are  again 
presented  for  consideration  at  this  time.  The  condition  of  the 
sewer  in  Shrewsbury  street  grows  worse  each  year,  and  the 
paving  of  the  Millbrook  channel  is  just  as  urgent  as  ever. 
Aside  from  a  few  minor  repairs,  which  will  be  made  during 
the  coming  winter,  the  system  is  in  very  good  condition,  and 
there  are  no  expensive  repairs  which  are  liable  to  be  required 
for  several  years. 
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A  classification  of  the  expenditures  in  the  sewer  mainte- 
nance account  is  as  follows: 

Total  cost  of  repairing  old  basins,  sewers  and 

manholes,  |2,063  51 

Total  cost  of  cleaning  sewers,  7,745  51 

Total  cost  of  cleaning  catch-basins,  7,896  60 
Total  cost  of  work  chargeable  to  other  parties 

cleaning  catch-basins,  68  49 
Total  cost  of  work  chargeable  to  other  parties 

repairing  catch-basins,  4,864  67 

Thomas  Mattson,  damages  to  person,  250  00 


Total,  122,888  78 

It  will  be  noticed  that  the  sum  of  |17,705.62  is  the  net  cost 
of  the  maintenance  of  the  sewer  system  during  the  past  year. 
Basing  the  calculation  upon  the  number  of  miles  of  sewers 
at  the  beginning  of  the  year,  namely,  151.086  miles,  the  cost 
per  mile  for  total  maintenance  charges  would  be  f  117.19.  This 
includes  the  maintenance  of  2,288  catch-basins  and  5,807  man- 
holes, ^he  cost  of  cleaning  the  sewers  per   mile    has    been 

OONSTRUOTION. 

This  year  3.909  miles  of  sewers  have  been  constructed  in 
the  department  of  general  construction.  Upon  these  sewers 
134  manholes  and  22  catch-basins  have  been  built.  The  total 
system  now  includes  158.463  miles  of  sewers,  6,064  manholes 
and  2,424  catch-basins. 

There  have  been  586  permits  issued  during  the  year  for  con- 
nection with  public  sewers;  of  these  143  were  for  surface 
water,  388  for  sewage,  7  for  repairs  and  48  were  not  used, 
making  551  new  drains  constructed.  In  57  cases  surface  water 
and  sanitary  drains  were  kept  separate  as  far  as  the  curb  and 
then  joined,  running  to  the  main  sewer  in  a  single  pipe.  The 
total  length  of  the  drains  constructed  amounted  to  4.58  miles. 

The  following  is  a  brief  schedule  of  property  for  which  the 
department  is  responsible: 
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Personal  property,  153,205  52 

Stock  on  hand,  4,822  98 
Buildings  and  machinery,  East  Worcester  street,       11,092  75 

Land,  1,700  feet  on  Hammond  street,  425  00 

Land,  18,060  feet  on  East  Worcester  street,  7,224  00 

Land,  33,221  feet  on  East  Worcester  street,  13,300  00 


Total,  190,070  25 

Purification  Works: 

Land,  |74,485  99 
Buildings  and  machinery,  68,191  15 

Filtration  area,  56,104  56 

Precipitation  plant,  265,628  75 


Total,  1464,410  45 

Sewer  system,  including  cost  of  sewers,  catch- 
basins,  etc.: 

Seiiarating  system  (Statute  of  1897  and  1900),  1957,510  29 

General  construction,  3,577,311  98 

Total,  4,534,822  27 


Grand  total,  15,089,302  97 

There  have  been  no  very  expensive  or  difticult  constructions 
called  for  in  this  branch  of  the  work,  and  the  total  length  of 
sewers  built  has  been  rather  under  the  average  for  the  last 
few  years.  Considerable  advance  has  been  made  towards  pro- 
viding sewers  in  Greendale,  and  this  district  is  now  provided 
with  a  trunk  sewer,  and  a  very  good  beginning  has  been  made 
toward  putting  in  the  laterals.  The  sewer  in  Barber  avenue 
was  much  needed  to  accommodate  the  Odd  Fellows'  Home, 
and,  undoubtedly,  will  assist  in  developing  the  property  in 
that  neighborhood,  as  the  soil  is  very  heavy  and  poor  for  cess- 
pools. The  sewer  in  Hillside  street  was  quite  expensive  on 
account  of  the  large  amount  of  ledge  encountered,  but  was 
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much  needed,  and  there  are  several  new  buildings  contem- 
plated which  will  be  accommodated  by  it. 

In  the  near  future  work  should  be  begun  and  continued  sys- 
tematically until  the  Lake  View  district  is  properly  provided 
for.  There  are  quite  a  number  of  houses  to  be  accommodated, 
but  in  order  to  reach  them  considerable  preliminary  work  must 
be  done,  which  will  make  the  system  rather  expensive  to  start 
with. 

The  trunk  sewer  from  Webster  square,  running  up  through 
Beaver  brook  valley,  which  has  been  agitated  for  several 
years,  is  very  much  needed,  and  as  it  will  take  a  year  before 
work  can  be  begun  on  laterals,  that  work  ought  to  be  started 
very  soon. 

In  1900  an  order  was  passed  calling  for  the  walling,  widen- 
ing and  straightening  of  the  Middle  river  channel.  Before 
work  could  be  begun,  however,  several  changes  in  the  plan 
were  suggested,  and  for  that  reason  nothing  was  done  upon 
construction.  Finally,  an  order  was  passed  providing  for  a 
more  elaborate  treatment  of  the  case  than  was  previously  con- 
templated, but  no  money  was  provided  with  which  the  work 
could  be  done  this  year.  In  fact,  the  order  for  construction 
was  passed  so  late  in  the  season  that  work  upon  it  this  year 
would  not  have  been  advisable.  This  is  work  which  should 
be  done  during  dry  weather,  because  the  freshets,  which  are 
liable  to  occur  in  the  spring  and  fall,  together  with  ordinary 
high  water,  would  be  a  source  of  considerable  expense. 

An  act  was  passed  by  the  Legislature  which  gives  the  city 
the  necessary  right  to  improve  the  channel  of  Beaver  brook, 
by  widening,  deepening  and  straightening,  as  may  be  found 
necessary.  This  is  a  matter  which  could  well  be  treated  dur- 
ing several  years,  a  portion  being  done  each  year.  In  that 
way  reasonable  progress  would  be  made  toward  furnishing  re- 
lief from  the  floods  which  are  so  annoying  to  tenants  and  prop- 
erty owners  in  that  district. 

A  list  of  the  streets  in  which  sewers  have  been  built,  to- 
gether with  the  approximate  location  of  the  work,  the  sizes  of 
the  pipes,  the  lengths,  the  number  of  manholes,  and  the  cost 
of  the  same,  is  presented  in  the  following  tables : 
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Table  X. 

RECORD  OF  SEWERS  CONSTRUCTED  DURING  THE  FISCAL 

YEAR  OF  1901. 

SANITARY  8EWBR8  —  CONBTRUCTION. 


Stbkbt. 

Rbmarkh. 

12" 

length. 

s 

Co*t- 

Alpine. 

Seymour  At.  to  Hillside  at.. 

|l.06&« 

Barber  Ave.. 

West  Boylston  St..  southerly. 

H 

I.4U7.a 

3L&74.«> 

Barber  Ave.,  E.. 

Barber  ave.,  easterly. 

8 

SS4.6 

wn.00 

Barber  Ave.. 

Barber  ave..  east  to  Adams  nvc. 

8 

S8^« 

1    1 

• 

Boy den. 

Southbrldge  st.  to  Clay  st.. 

8 

aoav 

S.*l».43 

Bremer. 

Whlttier  St..  westerly. 

10 

Uti^ 

W*i.!M 

riiaxinlnK- 

Harrington  ave.,  northerly,            | 

16 

;  IS 

al^tf 

U0K7 

3,IOVk«l 

nty  view. 

College  St.,  easterly. 

8 

i84.a 

4.34*liA» 

(lapp. 

Washburn  St..  easterly. 

8 

4^13 

t3S7r? 

Eastern  Ave., 

Catharine  st..  northerly,  extension. 

10 

107.U 

t   » 

«7a.itt 

ForbCJ*. 

On  old  sewer  at  Westminster  st. 

HiU<i1de. 

Alpine  st.  to  Vernon  st.. 

U) 

(teKd 

» 

Holland  road. 

Main  St.,  northerly. 

8 

18».l 

5>»A« 

InirleMde  Ave.. 

Hamilton  st..  northerly, 

8 

M3.S 

A^>M 

Lake. 

Baker  St.  to  Mill  st.. 

8 

1.088.1 

8  1 

l.7».y* 

Lovell, 

Knglewood  ave.  to  May  wood  st., 

8 

TT.fl 

)   1 

Lund. 

Esther  st.  to  Loul.se  St.. 

8 

40^tf 

H48..N3 

Maywood. 

Lovell  St.,  southerly. 

8 

m.o 

74V  A» 

Mlllbury, 

Greenwood  St.,  southerly,  flushing 

tank  at  end. 

8 

1.MVS.4 

7  1 

3,SSW»5 

Mott, 

Penn  ave.  to  Coral  st.. 

8 

84.V0 

t»?iOI 

Ome. 

Westminster  St.  to  Windsor  St., 

8 

3^1.8 

5  ' 

l,0»3LtV4 

Ome. 

Windsor  st.  to  Channlng  st.. 

8 

SSS.'S 

1  ^  ' 

4.N7  KN 

Park  Ave., 

Salisbury  st.  to  Drury  lane. 

8 

7»V0 

'    3  , 

S,*tVM 

Princeton. 

Lewis  St..  we.sterly. 

8 

uhva 

S 

*^IH41 

Riedl  place. 

Townsend  st..  southerly. 

8 

am.  4 

o 

Jc'aiV 

Sewer  location. 

Weasel  brook  to  W.  Boylston  St.. 

IIS 

sa^t.i 

1 

l.7Ns^» 

Tatman. 

Exfn  westerly  to  Stockholm  st.. 

8 

W-.fl 

4  • 

8:\43 

Tyler  Ave  . 

Barber  ave..  easterly. 

8 

140.0 

1   , 

• 

Union  Ave., 

Cutler  St.  to  Mendon  st.. 

10 

.•W.I 

3  ' 

87KIS 

Waoonah  road. 

Park  ave.  to  Whitman  road. 

8 

471.3 

4   , 

7ikv:* 

West  BoylKton, 

Sewer  location,  .southerly. 

1 

West  BoyUton. 

At  Barber  ave.. 

1    i 

West  Boylston, 

Sewer  location  to  Fronds  st..         | 

12 

H7X'.3 
537  7 

9 

« 

Westminster. 

Forbes  st..  southerly. 

M 

l.'i^VJ 

373  W 

Windsor. 

Washlnifton  ave.,  northerly, 

10 

•JtV).4 

a  1 

4S1  ^7 

Wayne  terrace. 

Wayne  st..  westerly. 

8 

^•03,2 

tt 

i'S{<.  r,' 

*  Included  In  cost  of  Barber  avenue,  east. 

^         '•  "  Alpine  street. 

:        '*  "  Barber  avenue,  West  Boylston  street,  southerly 

j  Not  completed  December  I. 


22 


PUBLIC     DOCUMBNT — ^NO.     XU. 


Table  XI. 

RECORD  OF  SEWERS  CONSTRUCTED  DURING  THE  FISCAL 

TEAR  OF  1901. 

SURFACE  SB  WEBS— CONSTRUCTION. 


Strbkt. 


Boy den. 

Brooks, 
Cambridge. 
Caro, 
Clapp. 
City  View. 
(Greenwood. 
Hoi  land  road, 
Lund, 

Park  Ave.. 

Kledl  place. 
SallHbury, 

West  Boylston. 

West  Boylston. 
West  Boylston, 


RBMABK8. 


Stillwater  pond  to  Clay  St.. 

Kendrlck  br'k  to  W.  Boylston  St.. 
Webster  sq.,  southeast  extension, 
Curve  from  Boyden  St., 
Washburn  St.,  easterly, 
College  St.,  easterly. 
Outfall  ave.  to  Tatman  St., 
Main  St.,  northerly, 
Esther  st.  to  Louise  st., 

Salisbury  st  to  Drury  lane. 

Townsend  St.,  southerly. 
On  old  sewer  at  Park  ave.. 

Sewer  location,  northerly, 

Brooks  St.  to  Francis  st., 
At  Barber's  Crossing, 


i 


Size. 


15" 
12 
42 
12 
12 
12 
10 
18 
12 
10 
15  oval 
15 
10 


12 
42 
30 
24 
24 


Length.       |  M.  IL 


338.y 
317.5 
106.7 
422.2 
2&8 
397.4 
184.3 
218.0 
126.4 
4U9.3 
306.9 
398.1 
196.2 

491.5 
210.9 

63.6 
326.9 
196.6 

98.0 


1 

3 

1 

3 

1 

1 
1 

ft 

•t 

3 
.) 

T 
ft 

4 
1 


Note.— The  costs  of  the  above  sewers  are  Included  In  the  costs  in  Table  X  for  sewers 
In  .streets  of  the  same  names. 
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Tablb  XII. 

RECORD  OF  SEWERS  0ON8TRU0TED  DURINiJ  THK  H^^  At 

YEAR  OF  1901. 

SANITARY  8EWER8— 8TATUTK8  OK  1M)0U 


Street. 


Blackstone, 

Briden. 

Bridge. 

Burt, 

•Cambridge, 

Cemetery. 

Central, 

Central. 

Ctaaries. 

Foster. 

Franklin, 

Front, 

Garden, 

Garden, 

Grafton, 

Grove. 

Harding. 

Harding. 

Howard, 

Lincoln, 

Mlllbury. 
Prescott, 

School, 

Sewer  location. 
Sewer  location. 

Summer, 

Temple, 
Thomas, 

Union, 

Union, 

Washington  Sq.. 

Winter, 


Rbmarkh. 


Bridge  St..  northerly, 
On  old  sewer, 

Crarden  st.  to  Hcwer  location. 
Summer  st.  to  HlackNtone  Ht., 
Grafton  st.  to  Temple  st.. 
24"  Invert  In  old  (KK'  x  84"  Hewer. 
Prescott  Ht.  to  Grove  st.. 
Union  St..  easterly. 
Summer  st.,  westerly. 
Blackstone  St..  easterly. 
.Summer  st.  to  viaduct. 
Harding  st.  to  (}rafton  st., 
Warren  st.  to  Mlllbrook, 
On  old  aj"  X  3»"  sewer. 

Garden  st.  court  to  Briden  st.. 

Briden  st.  to  Prescott  St.. 
Franklin  Nt.  to  Washington  h«i.. 
On  old  40"  X  60"  sewor, 
Temple  st.  to  Franklin  st.. 
Green  st.  to  Harrison  st , 
Blackstone  st..  easterly, 

S.  line  of  Lincoln  sq.  to  Keefe  pi., 

Siphon  chamber,  southerly. 
Sewer  location  to  Cemetery  nt.. 
On  old  sewer. 
Union  St.  to  Summer  st., 
Lincoln  to  Garden  st., 
Briden  to  Prescott  St., 

Wash'n  sq.  to  s.  line  of  L*nc'n  mi. 

Burt  St..  easterlv. 
Summer  st.  to  Union  st.. 
On  old  26"  X  »♦"  sewer, 
Thomas  st.  to  Central  st.. 

Thomas  st.  to  Lincoln  sq., 

East  intercepter,  westerly, 

Water  st.  to  Harding  St., 


.HlAt*. 


l.^u^^bt        \t  H 


\ 


\\>- 

.Vfc'.t 

\ 

8 

lXv> 

I 

^t »« 

.■W.W 

\ 

10 

Hit 

\ 

lU 

s 

\Jrt  \  *4 

\  VV^'.  \ 

•> 

H 

IA».  * 

1 

S 

M'.A 

s 

s 

>?  >' 

I 

s 

^M'.v« 

< 

H 

s^\<.? 

s 

10 

V\>IK* 

.io  X  (0 

lt^;% 

vMx  »4 

»vc  i 

v>» 

r;  k 

k 

40  X  M 

»Wf 

I 

K 

^J^Hvk 

s 

t^»l  cS 

< 

s 

hX^ 

\ 

a,'  \  4\' 

Uv>.> 

? 

iH>  X  40 

i    \\M    s^ 

s 

.vv\o 

.\ 

*jo  X  a4 

4t^\? 

t 

H 

UK\Ti 

80  X  40 

rtM^ 

1 

'^\  X  »4 

".V4  N 

\ 

40  X  M 

.XV  I* 

\^ 

It;  X  ii 

»,rtn  \ 

H 

iVvS 

-i 

\S 

lVt8.2l 

1 
\ 

H 

»Ni8 

» 

\^ 

attl  4 

10 

;;4^ 

10 

s 

iwt\j 

Vi 

.iOO 

» 

10 

:^;  0 

8 

}fcr.\8 

.H 

*  Not  to  be  added  to  total  l^nj^th  of  system. 


26  PUBLIC     DOOUMBNT — NO.     XII. 

Green  street,  described  in  detail  in  the  annual  report  for  1899. 
The  drift  was  six  feet  in  diameter,  being  lined  with  wooden 
rings  and  masonry  to  the  required  size  and  shape.  The  ma- 
sonry was  placed  in  this  tunnel  as  the  work  progressed,  and 
no  material  difficulty  was  experienced  because  of  the  small 
size,  viz.,  40x54  inches  and  32x42  inches. 

The  total  cost  of  this  tunnel  was  f37,851.31,  including  cost 
of  Shrewsbury  street  regulator,  amounting  to  f37.40  per  run- 
ning foot  of  sewer  built. 

The  work  in  Summer  street  was  carried  on  in  three  differ- 
ent sections  at  the  same  time.  The  excavations  were  very 
heavy,  ranging  from  15  to  30  feet  deep,  and  having  an  average 
depth  of  about  23  feet.  In  Lincoln  street  ledge  was  encoun- 
tered a  short  distance  above  Kendall  street,  and  materially 
delayed  the  completion  of  the  intercepter.  A  short  section, 
including  the  curve  from  Lincoln  street  into  Keefe  place,  was 
built  in  tunnel,  as  the  cut  was  very  heavy,  and  the  ledge 
cropped  out  on  the  surface  of  the  street. 

It  was  while  engaged  upon  this  work  that  the  lamentable 
accident  occurred  which  resulted  in  the  death  of  David  Glea- 
son.  Mr.  (Heason  was  employed  to  run  the  small  air-couipres- 
:8or  which  furnished  air  for  the  operation  of  the  drills.  For 
H()nH»  unknown  reason  he  left  the  compressor  and  stepped  onto 
the  street  railroad  track  inunediately  in  front  of  an  approach- 
iiij;  car,  by  which  he  was  struck. 

As  soon  as  the  intercepter  was  completed  so  as  to  provide 
an  outlet  for  sewage,  the  section  lying  between  Summer  street 
and  Millbrook  was  resewered.  As  the  old  sewers  in  this  dis- 
trict graded  toward  Millbrook,  it  became  necessai-y  to  con- 
struct new  ones  which  could  discharge  into  the  intercepter. 
This  also  required  the  transferring  of  all  house  connections 
from  the  old  lines  to  the  new  ones. 

This  work  was  made  especiall}'  difficult  in  Union  street  be- 
cause Millbrook  occupiers  the  entire  roadway,  and  the  new  con- 
structions were  necessarily  put  in  the  sidewalk.  It  was 
at  times  difficult  to  {?et  sufficient  room  for  the  pipe  between 
the  wall  of  Millbrook  and  the  building  foundations. 
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Purification, 

The  sewage  has  been  treated  in  varioua  wu\:i«  but  alwuvti 
with  a  Tiew  to  obtaining  best  results  iu  the  rhei*.  Tu  ac- 
complish this  the  purpose  has  boon  to  tiUev  hh  large  UB 
amount  as  possible,  and  procure  a  filtrate  In  which  ihe  orc^iuiiv 
matter  was  reduced  to  such  an  extent  that  it  wv^uld  uoi  be- 
come oflPensive.  Accordingly,  little  atteutiuu  h*i*  been  \Ki\d 
to  nitrification,  which,  with  a  sewage  so  strouglv  uckl.  is  Olitii- 
cult  to  obtain.  The  limited  ttltering  area,  U  15  avivv>4,  bas,  of 
course,  prevented  treating  a  very  eoiisiderable  ^Kutii.>ui  K>i  ihc 
fiow  in  this  way. 

Throughout  the  year  the  mont  ptiUuted  sewi^e  h;us  been 
selected  for  filtration,  which  han  had  a  mateiial  ert\'vi  uvh^ia 
the  results  shown  by  chemical  analyHiM,  a»  >v\^U  us  u^k^u  iho 
amount  of  sewage  the  filters  would  take  caiv  \^l*. 

Tablk  XIV. 
COST  OF  MAINTAINING  SEWAOK  UlSHKSAL  WOKKS. 


1 
Date. 

Amount  Treated 
(Gslions.) 

Cost. 

Mtniun(}uU 

kVl^tUl  v»U. 

1890 

j 

391,000,000 

847,919  60 

8122  55 

84Avi 

^0  >t> 

1891 

1,398,000,000 

27,761  95 

19  86 

h:,547 

M  ;i2 

1892 

842,000,000 

27,576  24 

32  74 

9i\4H9 

\>  30 

1893 

1,795,000,000 

24.103  23 

18  43 

93,liW 

0  it) 

1894 

4,562,000,000 

25,145  21 

5  51 

^\vwa 

0  2« 

1895 

5,730,000,000 

46,847  46 

8  17 

98,767 

0  47 

1896 

5,840,000,000 

43,264  23 

7  41 

102,69v4 

a  4>i 

1897 

6,205,000,000 

69,165  64 

11  14 

106,629 

0  tl^5 

1898 

6,460,000,000 

64,440  83 

9  97 

110,560 

0  .vH 

1899 

6,241,000,000 

84,694  98 

13  57  , 

114,492 

0  74 

1900 

4,781,000.000 

50,073  34 

10  47  1 

118,421 

0  41 

1901 

3,565,000,000 

43,773  99 

12  27 

122,803 

0  35 

Note.— The  cosi.s  for  lW>n- 184*9  include  considerable  money  spent  on  construmlon.  bm 
which  cannot  be  separated  from  maintenance  charges  because  both  ltero<4  \ver««  kept  in 
the  same  account.    This  is  also  true  for  the  Hi^ures  given  for  18;H). 
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The  total  flow  of  sewage  received  at  the  works  was  3,564.7 
million  gallons,  of  which  3,133.8  million  gallons  have  been 
treated  chemically,  and  320.40  million  gallons  have  been 
treated  by  subsidence.  The  only  analyses  which  show  the  re- 
salts  of  subsidence  without  chemicals  were  made  during  Octo- 
ber and  November,  and  show  a  removal  of  albuminoid  am- 
monia amounting  to  39.84  per  cent,  and  53.43  per  cent.,  re- 
spectively. In  November  the  sewage  was  very  strong,  the 
total  albuminoid  ammonia  amounting  to  1.342  parts  per  100,- 
000  parts,  which  had  much  to  do  with  the  high  percentage  re- 
moved. 

The  separating  system  was  Anally  put  into  use  September  6, 
and  on  October  30  the  last  trunk  sewer  connection  was  made 
to  the  east  intercepter. 

This  change  in  the  sewer  system  will  be  of  very  great  value 
in  the  treatment  of  the  sewage  and  the  improvement  of  the 
Blackstone  river.  By  the  new  system  the  sewage  is  inter- 
cepted before  it  reaches  Millbrook,  and  flows  direct  to  the 
purification  works.  The  waters  from  North  and  Salisbury's 
ponds  discharge  through  Millbrook  into  the  Blackstone  river, 
relieving  the  purification  works  to  the  extent  of  that  flow, 
which  in  dry  weather  amounts  to  about  5,000,000  gallons  per 
day,  and  in  time  of  storm  and  freshet  frequently  rises  to  sev- 
eral scores  of  millions.  In  the  future  there  will  be  a  discharge 
from  the  sewers  into  Millbrook  during  storm,  but  this  will 
cease  long  before  the  flow  in  Millbrook  will  reach  a  volume 
which  could  be  taken  to  the  works.  During  the  storm  the 
intercepters  will  conduct  to  the  purification  works  so  much 
of  the  combined  sewage  and  street  water  as  the  size  of  the 
outfall  sewer  will  permit.  This  sewage  will  be  much  less  di- 
luted than  when  taken  by  the  outfall  sewer  from  Millbrook, 
and  a  much  larger  proportion  of  the  sewage  will  be  treated 
than  was  possible  under  the  old  system. 

Besides  the  j?ain  in  time  of  storm  there  will  be  further  im- 
provements from  the  fact  that  the  flow  of  Millbrook  will  be 
comparatively  pure  water  at  other  times  and  will  flow  into 
the  river  ready  to  do  its  part  in  purifying  the  stream  by  dilu- 
tion and  furnishing  its  supply  of  dissolved  oxygen. 
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The  cost  of  maintaining  the  purification  works  for  the  vear 
has  been  |44,352.82,  amounting  to  36  cents  per  capita.  'Hh^ 
amonnt  of  sewage  treated  has  been  reduced  bj  the  use  of  the 
new  system  of  intercepting  sewers,  so  that  the  cost  per  mil- 
lion gallons  has  increased  somewhat  over  that  of  previouii 
years.  It  should  be  stated  that  necessary  repairs  aud  im- 
provements to  plant  have  been  prevented  by  lack  of  fuud»s 
which  fact  will  make  a  larger  appropriation  for  liK^  very  nec- 
essary. 

The  results  of  the  work  done  are  given  in  Table  XY,  which 
is  made  up  by  calculation  from  the  various  analyses  and  mea;»* 
urements.  As  would  be  expected,  the  amount  of  purification 
has  been  increased  by  the  addition  of  filtration  to  the  treat 
ment.  However,  as  only  about  one-third  of  the  sewaj^e  hus* 
been  filtered,  and  that  at  a  very  rapid  rate,  much  betici*  r^^ 
suits  may  be  confidently  expected  to  result  from  the  smaller 
amount  of  flow  in  the  future,  resulting  from  the  completion 
of  the  intercepting  system,  as  well  as  fi*om  the  iucreas^e  of 
filtering  area,  which  should  be  provided  in  the  ut^r  future. 

The  average  daily  flow  of  sewage  treated  has  amounted  to 

9.76  million  gallons,  of  which  about  ouethird  has  b^H'u  fil 
tared. 

In  addition  to  the  large  proportion  of  organic  matter  re- 
moved, it  should  be  remembered  that  the  river  water  has  l>eeu 
separated  from  the  sewage  during  a  portion  of  the  time,  which 
materially  improves  the  rtct  effect  upon  the  river. 

During  July  and  August,  the  two  months  when  the  river 
is  most  offensive,  it  will  be  noticed  that  the  purification  amount- 
ed to  73.43  per  cent,  removal  of  albuminoid  ammonia.  Dur- 
ing this  time,  as  through  the  most  of  the  year,  the  floating 
or  suspended  organic  matter  was  practically  entirely  removcil. 

From  Table  XVI  it  will  be  seen  that  material  improvement 
in  the  quality  of  effluent  has  resulted  from  the  more  complete 
treatment  afforded  by  the  methods  adopted  during  the  year. 
Table  XVII  gives  the  results  of  analyses  by  seasons,  and  is  of 
especial  interest  in  connection  with  a  study  of  the  effect  of 
the  treatment  of  the  sewage  upon  the  condition  of  the  river. 
It  is  of  interest  to  note  the  gain  of  10  per  cent,  in  the  purifi- 
cation during  the  summer  season  over  that  of  preceding  years. 


Table  XV. 

COMBINED  RESULTS  OP  SEWAGE  TREATMENT. 

Monthly  Ateraget  of  Analpss*  of  Sewage  and  EJflaent  from  Chemical  PrecipUaii'>n,from 
Filtration,  and  from  Chemical  Precipitation  and  Filtration  Combine^J. 

[Parts  per  100,000.] 


DATS  or  Collection. 


AMMOKIA. 


Free. 


AliBUMIHOIP. 


& 


96  ^ 
X 


en 


K 


OZTGKN 
COKSUMBD. 


■O    . 
i:t    i 

P2  ' 


t 


c 
o 


Sewage,  December,  1900. . , 

Effluent.        •*  •♦    .., 

Per  cent,  removed . 

Sewage,  January.  1901 

Effluent.       •*  ••   

Per  cent,  removed . 

Sewage,  February,  1901  . . . 
Effluent, 

Per  cent,  removed. 

Sewage,  March,  1901 

Effluent.       "        ♦•   

Per  cent,  removed . 


Sewage,  April.  1901 

Effluent.      ••       '•  

Per  cent,  removed . 


Sewage.  May.  1901 

Effluent,     •'  

Per  cent.  remove<1 


Sewage,  June,  1901 

Effluent.     "       ••  

Per  cent,  removed 


Sewage,  July.  1901 

Effluent,     ••       ••   , 

Per  cent. removed  ... 


Sewage,  Augunt,  1901 

Effluent,       "         *•  

Per  cent,  removed 


Sewage.  September,  1901 . , 
Effluent. 

Per  cent,  removed . 


Sewage,  October,  1001 

Effluent,        "  ••   

Per  cent,  removed. 


Sewage.  November,  1001 . , 
Effluent.  •'  '•   . 

Per  cent,  removed 


1.060 
1.200 
-14.06 

S.975 
2.4U6 
19.16 

3.010 
2.073 
11.19 

2.196 
1.602 
22.95 

1.128 
1.204 
-6.74 

1.228 
1.201 
2.20 

1.632 
1.0^ 
37.26 

1867 
1.024 
25.09 

1.308 
.856 
81.56 

2.185 
1.541 
27.88 

2.483 
2. 140 
13  45 

2.680 
2.250 
14.45 


Average  sewage,  1901 1     1.786 

Average  effluent,  1901  1      1.454 

Per  cent,  removed 18  50 


.437 
.171 
60.8? 

.046 
.280 
60.45 

.027 
.418 
54.01 

.781 
.442 
43.40 

.418 
.200 
50.00 

.383 

.182 
52.48 

.406 
.120 
7a46 

.620 
.167 
73.43 

.616' 
.164 
7a  86 

.727 
.213 
70.71 

.756 
.267 
66.01 


.172. 
.123) 

28.40    I 

.404 
.266 
46.15 

.516 
.375 
27.83 

.396 
.442 
-11.61 

.1:20 
.200 
-6».01 

.150 
.182 
-21.33 

.159 
.120 
24.58 

.174 
.167 
40  24 

.204 
.164 
19.61 

.882 
.213 
35.84 

.320 
.257 
19.69 


.165 
.048 
81.91 


546 

2.62 

52.01 


.904         .338 
.3091        .390 
55.82    I  -18.05 


.632 
.234 

62.98 


t 


.255 
.227 
10.98 


.452  ;  14.61 

023  I    4.80 

07.14    '  64.70 


4.01 

2.30 

4165 

10.43 

4.80 

63.13 


I 


.411 
.043 
80.54 

.395 
.000 
100.00 

.280 
.000 
100.00 


12.85  ;  ia47 

7.94      7.94 

38.21  '24.16 


.000 
100  00 

.247 
.000 
100.00 

.455 
.000 
100.00 

.412 
.000 
100.00 

.305 
.000 
100  00 

.436 
.000 
100.00 

.566 
.000 
100.00 


11.73 

654 

44.25 

7.61 

3.60 

52.60 

5.50 

2.42 

56.71 

5.26 

2.00 

61.97 

7.&7 

2.56 

66.92 

7.29 

1.95 

73.24 

9.04 

3.20 

64.60 

11.53 

3.36 

70.86 

15.09 

4.92 

67.28 


5.31 
5.31 
0.00 

9.80 
9.92 
2.86 

9.29 

9.39 

-1.06 


7.91 

6l54 

17.32 

6  56 

7.05 

-7.14 

4.90 

8.60 

2&51 

5.24 
5.22 

a38, 

3.65 
2.42 

33.70 

4.57 
4.56, 

8.81 

2.00 

47.51 

5.51 ; 

5.401 
0.86  1 

6.37 

2.56 

51.95 

8.26 

889 

-1.701 

1 

4.60 

1.95 

57.69 

8.64  1 

8.27 

4.28 

6.49 

3.20 

41.71 

11.84 

12.07' 

•1.94 

6.08 

2.07 

50.84 

8.52 
8.53 
0.12 

0.25 

4.63 

40.06 

ao4 

8.40, 
5.03 

5.81 
3.38 

41.81 

7  M 
7.03  1 
5.82  1 

.60 


4.56 


&08 


.00 


8.23 


12.02 


9.81 


13.09 


16.76 


10.11 


8.38 


8.66 


0.43 


Note.  -  This  table  i.s  made  up  of  monthly  averages  of  analyses  of  sewage  and  effluent 
from  choralcal  precipitation,  from  filtration  and  from  precipitation  followed  by  filtra^ 
tlon  combined,  by  calculation  according  to  the  (low  treated  by  each  of  the  three 
methods. 

N(vn6.  The  .sewage  flRures  for  October  and  November  include  the  unsettled  sewage 
for  the  filter  beds,  and  not  the  settled  sewage  as  given  in  the  table  for  Kesults  of 
Filtration  of  Untreated  Sewage. 
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The  work  accomplished  by  the  purification  plant  has  been 
far  more  satisfactory  than  daring  any  previous  year,  and  it 
would  seem  that  if  necessary  enlargement  of  plant  could  ))e 
made,  the  problem  of  sewage  disposal  would  be  solved  satis- 
factorily. 

Chemical  Precipitation. 

The  sewage  not  filtered  has  been  treated  with  chemicals 
before  being  discharged  into  the  river.  The  method  of  treat- 
ment has  not  differed  materially  from  that  followed  in  pre- 
vious years.  The  increase  in  the  amount  of  lime  used  per 
million  gallons  of  sewage  treated  is  explained  partly  by  the 
very  large  amount  of  sulphuric  acid  contained  in  the  sewage 
and  partly  by  the  greater  concentration  of  the  sewage. 

Whenever  circumstances  permitted,  that  part  of  the  chem- 
ical effluent  which  was  most  polluted  and  dilBcultly  treated 
was  filtered. 

Table  XVin  is  a  record  of  the  results  of  the  chemical  treat- 
ment of  that  portion  of  the  sewage  which  was  not  filtered, 
while  Table  XIX  gives  analyses  of  sewage  and  corresponding 
effluent  which  was  passed  through  the  filters.  The  chemical 
treatment  has  required  the  use  of  1,498  pounds  of  lime  per 
million  gallons  of  sewage  treated. 

The  net  cost  of  the  chemical  treatment  has  been  120,079.26, 
which  makes  the  cost  per  million  gallons  treated  f  6.41.  To 
this  should  be  added  the  cost  per  million  gallons  sewage 
treated  for  disposing  of  the  sludge,  |5.89,  making  a  total  of 
fl2.30.  The  above  cost  of  pressing  the  sludge  includes  the 
expense  of  pressing  it,  from  the  settled  sewage,  as  well  as 
that  chemically  treated,  but  is  calculated  on  the  latter  only. 

Sludge  Disposal. 

All  sludge  produced  during  the  year  has  been  pressed,  and 
the  cake  hauled  by  the  narrow-gauge  trolley  road  to  the  same 
dump  used  last  year. 

The  total  volume  of  sludge  pumped  from  the  settling  basins 
to  the  storage  tanks  was  26,957,000  gallons.  It  was  allowed 
to  remain  here  as  long  as  possible,  and  the  clear  supematent 
liquor  drawn  off  before  pumping  to  the  presses.  This  amount- 
ed to  2,037,000  gallons,  or  7^  per  cent,  of  the  total. 
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TABLBXYm. 

RESULTS  OP  CHEinCAL  PRECIPITATION  OP  SEWAGE  POR  RIVER. 
Monthly  AreroffM  of  Wtddy  AmI^mm  of  St^rUixed  JkHlv  StampU: 

(Parts  per  100,000.) 


AlllfOnA. 

1 

OXTGBK     . 

Mi 

&. 
§. 

• 

Datv  of  Coli«bctioei. 

Free. 

AX>BdfIHOIIX 

CoirsinaED 

• 

o 

0 

o 

*0  1  3  » 

fcg|J3 

1 

I 

1 

Si   , 

•  1 

-1 

t 

2 

Sewm«e.  December,  1000  . . . 

Effluent,                        '•    .. 

Per  Genu  removed.. 

.975 
1.000 
-2.S0 

.184 

.2SS 
52.80 

.163 
.157 

3.08 

.321      5.48      a65 

.071  1    3.65  1    3.18 

78.20      33.39  i  12.87 

5lOO 

&I0 

-2.00 

•5.81 

824 

Sewacre.  Jannary,  1901  

Effluent.         ••          ••    

Per  cent,  removed. . 

3.070 
2L390 
2^.15 

'      1.965 
1       .442 
66.06 

.678 
.390 
80197 

.687 
.043 
9&74 

19.00    13.66 

7.97      7.97 

56.08    41.60 

12.40 

11.88 

4.19 

1.48 

2.028 

Sewa^.  Pebmary.  1901  — 

Effluent.          ••          ••    .... 

Per  cent,  removed . . 

&325 
2.038 
90.00 

■      1.231 
.025 
40.28 

.«5 
.660 
It  00 

.606 

.075 
87.02 

17.12 
12.97 
2424 

14.01 

12.07 

7.42 

11.40 
11.60 
-1.73 

3.43 

2.442 

Sewage,  March,  1901 

Effluent.       *•        •'    

Per  cent,  removed. . 

2.150 
1.088 
28.82 

.791 
.467 
42.22 

.3B7 
AM 
-15.11 

.804 

.000 
100.00 

11.86 

6.77 

42.90 

1 

7.92 

6.77 

14.&e 

&5e 

7.08 
-7.60 

7.46 

1.128 

Sewaffe,  April.  1901  

Effluent,      ••        »*    

Per  cent,  removed. . 

1.000 
.940 
13.76 

.360 
.232 
38.33 

.115 
.222 
-98.05 

.245 
.000 
100.00 

6.05 

4.05 

30.10 

4.28 
4.06 
5.37 

4.8B 

4.96 

-1.64 

6,72 

906 

Sewage.  May,  1901 

1.256 
1.044 
16.88 

.345 
.206 
40  29 

.140 
.206 
-47.14 

.205 
.000 
100.00 

4.97 

8.84 

42.85 

3.01 
2.84 

5.65 

4.83 
4.88 

-1.15 

0.51 

MS 

Effluent.    *•        *•   

Per  cent,  removed. . 

Sewaffe  June  1901 

1.663 
1.363 
18.04 

.406 
.179 

55.80 

.164 
.179 
-9.15 

.241 
.000 

100.00 

4.69 

8.00 

3&03 

2.64 

3L00 

-13.03 

5il5 

&80 

-2.91 

SlTB 

1.146 

Effluent.    ••        ••    

Percent,  removed.. 

Sewaffe.  Julv.  1901 

1.310 
1.160 
11.45 

.503 
.206 
65.25 

.166 
.206 
-24.10 

.427 
.000 
100.00 

7.16 

3.29 

54.05 

5.04      &10 
3.29  1    T.06 

34.72  !    1.50 

1 

9.64 

1003 

Effluent.    *•         *•  

Per  cent,  removed. . 

Sewage.  August,  1901  

Effluent.       ••          '•    

Per  cent,  removed. . 

1.081 
.963 
6l60 

.W5 
.221 
61.56 

.196 
.221 
-13.34 

.380 
.000 

loaoo 

7.26 

2.82 

61.10 

4.63  1    7.90 

2.82  •    7.50 

39.09  !  -4.17 

9.60 

1.815 

Sewage,  September.  1901  . . 

Effluent.          "            ♦'     .. 
Per  cent,  removed. . 

1.706 
1.869 
-9.56 

.722 
.333 

53.88 

.251 
.333 
-32.07 

.471 
.000 

loaoo 

7.49 

5.00 

33.24 

4.56  ,  10.08 

5.00  ,  11.80 

■9.66   -17.07 

5.19 

1.425 

Sewage,  October,  1901 

Effluent,         ••          •'  

Per  cent,  removed. . 

2.500 

2.400 
4.00 

.713 
.297 
58.34 

.203 
.297 
-12.93 

.450 
.000 
100.00 

10.23 

3.91 

61.86 

5.80      7.82 

8.39;    7.98 

41.56  1  -2.05 

6.31 

1.728 

Sewajfp.  November,  1901  ... 

Effluent.           '•             ••     ... 

Per  cent-  removed. . 

i673 
2.413 

9.80 

.806 
.446 
44.67 

.260 
.446 
-56l82 

.546 
.000 
100.00 

14.18 

5.07 

60.02 

8.90      8.07 

5.32      7.98 

40.23  1    1.12 

7.07 

1.540 

Av^rape  S^watfc.  1901 

Kflluent.      ••   

Per  cent,  removed.. 

1.718 
12.63 

.624 

.2i».> 

,'>2.72 

.238 
.285 
-11.3f 

.386*    8.76 

.010      4.52 

97.40      48.41 

5.71  '    7.02 
4.41      7.27 

22  77  1  -3.56 

1 

6.58 

1.49S 

•Of  this  amount  1.H4  million  gallons  |>er  day  was  settled  without  treatment. 

*Thf  s*»  fitrur«s  include  lime  u.sed  on  sew;i|jre  for  fllier  beds  from  April  to  September 

Inchisive. 
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Table  XIX. 

RESULTS  OF  CHEMICAL  PRECIPITATION  OF  SEWAGE  FOR  FILTER  BEDS. 
Monthly  Averages  of  Weetif  Analyte^  of  SUrilAed  IkUiy  Sample*, 

(Parts  per  lOO.OOa) 


DATB  or  COLLKCTION. 


AMMOKXil. 


Free. 


AIAUIIIMOID. 


o 


K 


OXTUBK 
CONSmBD 


.7 

c  Z 


1 


a 
o 


Sewage,  April.  1901   

Effluent,     "        "     

Per  cent,  removed 

Sewage,  May,  1901 

Effluent,    '•       •'    

Per  cent,  removed 

Sewage,  June,  1901 

Effluent.     •• 

Per  cent,  removed 

Sewage,  July.  1901 

Effluent,     *•       •*  

Per  cent,  removed 

Sewage,  August,  1901  

Effluent.       ••  ••    

Per  cent  removed 

Sewage.  September,  1901  

Effluent,  •*  '•    

Per  cent,  removed 

Average  Sewage,  1901  

Effluent,   '•    

Per  cent,  removed 


1.813 
1.560 
-18.15 

.69T 
.850 
49.78 

.194 
.252 
-29.89 

.508 
.098 
8a  42 

1.125 
1.425 
-26.67 

.626 
.229 
56.87 

.187 
.186 
27.28 

.888 
.093 
72.49 

1.588 
1.66lf 
4.72 

.407 
.246 
89.56 

.155 
.216 
•89.86 

.252 
.090 
88.10 

1.491 
1.480 
4.09 

.710 
.299 
57.88 

.191 
.244 
-27.75 

.519 
.066 
89.89 

1.731 
1.494 
18.70 

.678 
.811 
!M.14 

.217 
.239 
•88.90 

.461 
.072 
84.87 

2.588 
2.069 
20.04 

.782 
.445 
39.21 

.417 
.421 
-a  96 

.815 
.024 
92.89 

1.760 
1.626 
7.09 

.621 
.818 
47.82 

.239 
.282 
-9.43 

.396 
.066 
85.82 

12.14      7.80      6.98 

&64      4  97      T.  W 

58  55    87.01  ,  -1.43 

7.95.    6l05      &S3 

8.28      2.94      S.58 

S^K    hl.40  :  -^90 


7.62 
8.74 
64.08  :  5&2S 


5.46 


I 


&49I    6.991 
4.54  i    S.H4  I 


46.52 'as  89    -6.96 


6^08 

&9B 

ass 

8.6^ 
0.» 


7.86 
8.65 

5a4i 

10.68 

4.86 

54.49 


4.56    ia08 

8.08      9.80 

38.55      2.78 


6.46 

4.01 

87.98 


8.67 

4.10 

52.91 


6.75 

8.39 

41.08 


18.68 

12,75 

6.79 


9.18 
a95 
2.50 


1.5t 


151 


4.05 


4.85 


6.8$ 


4.98 


&98 


Note.— During  April,  May  and  June  this  sewage  was  given  only  a  partial  treatment; 
during  July,  August  and  September  it  was  Riven  a  good  treatment,  except  the  Sunday 
dose,  which  was  applied  untreated  during  August  and  September.  This  amount  equals 
2.80  million  gallons  per  day  for  August,  and  1.51  million  gallons  per  day  for  September. 
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It  will  be  noticed  that  the  cost  of  pressing  the  sludge  pt^ 
million  gallons  of  sewage  treated  has  been  reduced  over  that 
of  last  year  by  fO.87,  calculated  only  upon  the  flow  of  sew^^jre 
chemically  treated. 

Calculating  upon  the  entire  flow  through  the  ba^ns.  the 
cost  has  been  increased  by  only  |0.14  per  million  gallons*  The 
cost  of  pressing  per  ton  of  solids  is  practically  the  same  as  dur- 
ing  the  previous  year. 

Filtration. 

The  filters  have  received  an  average  of  220,000  gallons  ot 
sewage  or  chemical  effluent  p?r  acre  per  day  for  every  day 
during  the  year.  This  amount  has  been  purified  by  the  filters 
to  the  extent  of  about  75  per  cent,  of  its  organic  matter,  and 
including  the  purification  by  sedimentation  and  chemical  pre- 
cipitation, about  85  per  cent,  of  the  organic  matter  has  Ihh^u 
removed. 

Of  the  various  methods  of  treating  sewage  which  have  bt'^n 
tried  during  the  year  chemical  precipitation,  followed  by  fil* 
tration,  gives  by  far  the  most  satisfactory  results,  if  cost  is 
not  taken  into  account.  By  this  method  the  sewage,  received 
before  decomposition  has  rendered  it  very  offensive,  is  treated 
with  chemicals,  and  practically  all  of  the  floating  matter  is 
removed.  This  process  is  so  rapid  that  very  little  offensive 
odor  arises  from  the  plant.  The  effluent  is  quite  free  from 
putrefaction,  and  may  be  applied  to  the  filters  in  very  large 
volumes,  and  will  pass  rapidly  through  the  filters.  As  the 
suspended  matter  has  been  almost  wholly  removed,  there  is 
practically  no  accumulation  of  organic  matter  on  the  surface 
of  the  sand  to  decompose  and  generate  offensive  gases. 

From  the  analyses  recorded  in  Tables  XXI  and  XXII  it 
would  appear  that  the  results  of  treatment  by  this  method  did 
not  vary  materially  from  those  obtained  by  simple  subsidence, 
followed  by  filtration.  It  will  be  noticed,  however,  that  the 
sewage  treated  with  chemicals  was  not  nearly  so  strong  as 
that  which  was  settled  without  chemical  treatment.  Had  the 
composition  of  the  sewage  been  the  same  in  both  cases  the 
percentage  purification  by  the  chemical  method  would  doubt- 
less have  been  higher. 
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It  should  also  be  noticed  that  about  300,000  gallons  of  chem- 
ical effluent  were  filtered  per  acre  per  day,  while  with  crude 
sewage  only  about  150,000  gallons  could  be  passed  through  the 
filters.  During  the  month  of  August  the  amount  of  chemical 
effluent  filtered  reached  450,000  gallons  per  day  per  acre,  and 
could  doubtless  have  been  increased  still  more  without  serious- 
ly diminishing  the  amount  of  purification.  On  the  other  hand, 
the  amount  of  settled  sewage  applied  to  the  filters  appeared 
to  have  reached  the  limit  of  the  capacity  of  the  filters,  al- 
though the  sewage  passed  through  the  settling  basins  so  rap- 
idly that  all  the  suspended  matter  was  not  removed. 

An  accumulation  of  the  organic  matter  upon  the  surface 
of  the  filters  always  results  from  the  application  of  crude 
sewage,  no  matter  how  well  it  is  settled.  This  prevents  the 
free  access  of  both  air  and  water  to  the  pores  of  the  filter, 
and  gives  rise  to  offensive  odors. 

The  sludge  produced  by  this  method  is  much  more  expensive 
and  difficult  to  press  than  that  from  chemical  precipitation. 

The  crude  sewage  undergoes  some  putrefaction  while  pass- 
ing through  the  settling  basins,  which,  together  with  the  ex- 
posure of  the  sewage  on  the  surface  of  the  filters,  into  which 
it  does  not  rapidly  penetrate,  given  marked  evidence  through 
the  surrounding  territory  of  the  method  employed. 

Nitrification  has  been  very  low  in  the  filters  throughout  the 
year.  This  has  been  due  partly  to  the  high  rate  of  filtration 
and  partly  to  the  acid  character  of  the  crude  sewage  filtered. 
The  nitrifying  organisms  were  more  active  when  chemical  ef- 
fluent was  being  filtered  than  when  the  filters  were  receiv- 
ing crude  sewage.  This  was  undoubtedly  largely  due  to  the 
alkaline  reaction  produced  by  the  excess  of  lime  in  the  ef- 
fluent. 

The  surface  of  the  filters  was  ploughed,  harrowed  or  raked 
once  each  month,  from  April  to  October  inclusive.  During 
the  latter  month  492  cubic  yards  of  material,  containing  a 
large  amount  of  organic  matter,  were  removed  from  the  fil- 
ters, averaging  34  cubic  yards  per  acre. 

The  cost  of  maintaining  the  filters  has  amounted  to 
15,282.01,  making  the  cost  of  filtering  one  million  gallons 
14.54,  a  reduction  of  |1.82  per  million  gallons  over  last  year. 
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Sludge  Press  Liquor. 

The  water  extracted  from  the  sludge  by  the  filter  presjs^ 
has  been  run  on  to  four  sand  filter  beds  of  one*half  acre  ac^Mi 
each  throughout  the  year.  The  results  of  this  filtration  have 
shown  a  high  percentage  of  purification,  amounting  to  TT.TS 
per  cent,  removal  of  albuminoid  ammonia  and  about  TO  per 
cent,  of  the  carbonaceous  matter.  The  amount  of  free  am* 
monia  in  this  water  was  very  high,  ranging  from  5.6  to  2i>.o 
parts  per  100,000  gallons.  The  albuminoid  ammonia  has  also 
been  very  high,  reaching  4.9  parts  per  100,000  gallons  in  Feb- 
ruary. About  27,000  gallons  of  this  water  has  been  filtered 
per  acre  per  day,  and  with  this  amount  and  a  better  method 
of  distribution,  it  is  apparent  that  a  higher  degree  of  purifica- 
tion can  be  obtained. 


Bbptic  Treatment. 

This  method  of  treatment,  which  might  appropriately  be 
called  the  municipal  cesspool  method,  has  been  continued  in 
use  since  May,  1900,  and  has  given  interesting  results.  The 
value  attached  to  this  method  of  treatment  appears  to  Ih' 
chiefly  confined  to  the  disposal  of  the  suspended  organic  mat- 
ter in  sewage.  As  this  is  the  most  troublesome  part  of  the 
polluting  matter,  any  method  by  which  it  can  be  disposed  of 
is  worthy  of  careful  consideration.  It  will  be  noticed  that 
the  results  of  the  analyses  given  in  Tables  XXIV  and  XXV 
indicate  that  a  considerable  portion  of  the  suspended  organic 
matter  has  been  taken  out  of  the  sewage.  The  flow  through 
the  tank  amounted  to  about  300,000  gallons  per  day  for  six 
days  in  the  week  until  September,  1901,  when  the  flow  was 
increased  to  about  500,000  gallons  per  day.  The  increase  of 
the  flow  through  the  tank  did  not  appear  to  make  any  material 
difference  in  the  amount  of  organic  matter  removed  from  the 
water.  The  capacity  of  the  tank  was  350,000  gallons,  about 
50,000  of  which  might  be  considered  as  taken  up  with  the 
accumulation  of  solid  matter  in  the  bottom. 
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Table  XXTTT. 
RESULTS  OF  FILTRATION  OF  SLUDGE  PRESS  LIQUOR. 

Monthly  Averoffes  of  Wtskly  Analp$et  of  DaUy  Sterillaed  Samples. 

(Parts  per  100,000.) 


AMMONIA. 


NlTBOGSK  A9 


DATB  or  COLLBCTIOH. 


ALBUMINOID. 

Nitrates. 

Free. 

• 

& 

Dis- 
solved. 

• 

Sus- 
pended. 

4> 


OXTGKN 

1 

CON8CMBO- 

« 

•3.2 

a 

9a 

«  o 

mB 

•1 

t 

e 

ll 

£3  *• 

s 

^p^ 

<a 

&, 

cS 

::: « 

St; 


Liquor.  December,  1900 
Filtrate, 

Per  cent  removed 

Liquor.  January.  1901  . . 

Filtrate.       ••  "    .. 

Per  cent,  removed 

Liquor.  February,  1901 
Filtrate.         "  •' 

Per  cent,  removed 


Liquor.  March,  1901 
Filtrate,     •' 

Per  cent,  removed 

Liquor.  April,  1901 

Filtrate,     '♦       •'  

Per  cent,  removed 

Liquor,  May,  1901  

Filtrate,     *       "     

Per  cent,  removed 


•I 


5.609 
4.700 
16.07 

11.850 
K.S00' 
28.26 

9.4«3 

aoe8 

14.58 

7.975 
5.900 
26.02 

6.925 
5.400 
22.02 

7.450 
.•i.!i75 
25.17 


Liquor,  June.  1901 >     9.760 


Filtrate.      *•       •*  

Per  cent,  removed 

Liguor.  July,  1901  

Filtrate.    ••      "      

Per  cent,  removed 

Liquor.  August.  1901    . . 

Filtrate.       •'        "      .. 

Per  cent,  removed 

Liquor,  September,  1901 
Filtrate. 

Per  cent,  removed 

Liquor,  October,  1901  . . 

Filtrate.       •'         •'     .. 

Per  cent,  removed 

Liquor,  November,  1901 
F^iltrate, 

Per  cent,  removed 


7.125 

26.93 

9.290 
6.400 
31.11 

6.250 
4.381 
29.90 

9.390 
4.9(tO 
46.96 

20.50 

aio 

6a  47 

18.13 
12.  H6 
29.07 


2.425 
.570 
76.42 

4.538 
1.085  1 
77.20    I 

4.960  i 
1.663 
66.40 

4.450 

1.119 

74.84    < 

I 
2.100 
.575 
72.61 

2.163 
.416 

76.12    I 

I 

1.956 
.323  , 
83.51 

1.500 
.386 
75.71 

1.200 
.254 
78.83 

1.644  I 
.223  I 
86.44 

1.788 
.385 
78.45 


1.475         .960 
.570  .        .000 
61.20    I  100.00 


I 


2.J79 

i.oa5 

56.49 

3.400 
1.663 
51.07 

2.625 
1.119 
57.S7 


2.159 
.000 

loaoo 

1.550 
.001) 
lOOUX) 

1.82^ 
.000 

loaoo 


1.007        1.093 
.575  1        .000 
42.91    ,  100.00 


Liquor,  Average.  1901  . . 

Filtrate.       '*  "    .. 

Per  cent,  removed 


1.044 
.416 
60.16 

1.200 
.32:^ 
73.08 

.840 
.386 
54.05 

.719 
.264 
63.28 

.804 
.223 
72.26 

1.088 
.385 
64.6i 

.676 
.338 

50.00 


1.119 
.000 
100.00 

.756 
.000 
100.00 

.750 
.000 
100.00 

.481 
.000 
100.00 

.840 
.000 
100.00 

.700 
.OUO 
100.00 

1.143 
.000 
100.00 


.021 
.097 

-381.90 

I 

.084  1 
.024' 
29.41 

.042 
.044 
-4.76 

.090 
.082 
8.89 


.0146 
.0500 
-242.40 


19.00 
4.10. 
79.07 


.0444    28.45 
.0344  ■    9.22 

22.52       6a88 

t 


8.85      4.80 

4.10      &00 

53w68    -4.17 


13.96 

9.22 

30102 


16.13 

1&98 

1.24 


.0604  I  23.20  ■  16.30  ;  18.00 
.077B  I  ia43  I  10.43  !  10.58 


1.276  I      1.042 
.516  '        .000 
59.53    I  100.00 


.082 
.061 
•90.63 

.017 
.091 
•146.00 

.009 
.041 
58.50 

.087 
.184 
•581.50 

.061 
.013 
78.68 

.044 
.044 
0.00 

.051 
.025 
50  97 

.017 
.021 
-23.54 


-12.11      148.74 

.0760  i  24.76 

.0825  •    7.96 

-8.55      I  67.84 

.0490  I  19.21 
.0424      6.06 


ia47 

.0405 
.0165 
.■ie.26 

.0270 
.0120 
52.22 


68.45 

15^ 

5.42 

66.22 


30.00 

14.22 

7.06 

44.02 

10.82 

6.06 

43.40 

11.00 

5.42 

51.14 


14.00      8.30 

4.81  ■    4  81 

68.32    42.05 


.0177  ,  16.46  , 

.0290'    4.56' 


.066 
.062 
-40.16 


6.61 

4.55 

6a03      '  70.M  '  31.17 


5.87 

8.41 

41.01 

6.62 

8.83 

40.60 

0.45 

8.77 

60.10 

8.72 

4.46 

48.86 


.0819 
.0029 
90  90 

11.86, 

a4i 

71.24 

.0160 
.0011 
92.66 

15.50 
8.83 

78.50 

.0148 
.0011 
92.55 

18.47 

8.77 

79.60 

.0062 
.0150 
-18a  60 

1ft.  6 

4.46 

72.41 

.0844 
.0247 
2&17 

1&42 

5.50 

70.17 

9.58 

5.50 

42.61 


10.00 

068 

6.58 

82.03 

6.43 

4.00 
15.37 

6.06 

4.08 

17.66 

6.13 

4.60 

10.33 

6.30 

6.84 

•0.64' 

8.33 

8.48 
-1.80 

10.15 
10.50 
-1.74 

12.70 

0.70 

23.62 

7.22 

040 

-32.56 


0.16 
8.88 

ao6 


8.200 

.000 

89.02    • 

8.035; 

2.700' 

68.70   I 

10Ji63' 

a038 

71.25    I 

8.888' 
2.788 
68.63 

2.825" 
,473 
83.20 

4.181  ' 
.875 
70.07 

5.813  • 
.450, 

02.21    I 

I 

1.470  ; 

.000  i 

100.00    I 

I 

2.738 
.190 
03.06 

1  594 
.000 
100.00 

.000 
.000 

aoo 

.681 
.085 
04.86 


I 


4.062 
.636 
84.83 


.022 


.•«» 


.028 


.i«J7 


.OG^ 


.UK 


.061 


.1»1 


.183 


.106 


.01« 


.029 


.€66 


*Tbe  Residual  Ammonia  refers  to  the  difference  between  the  sum  of  the  free  and  albuminoid  ammo&is 
and  tbe  ammonia  obtained  by  the  Kjeidahl  method  for  nitrogen. 
tTwo  acres  of  filter  beds  are  in  constant  use  for  the  filtration  of  the  sludge  press  liquor. 
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The  physical  appearance  of  the  tank  has  been  very  similar 
to  that  recorded  in  the  report  for  1900.  There  has  at  no  time 
been  any  more  than  four  inches  in  thickness  of  scam  on  the 
surface  of  the  water. 

June  28,  1901,  the  tank  was  cleaned  out.  At  that  time 
about  80,000  gallons  of  thin,  finely  divided  sludge  was  re- 
moved from  the  basin.  The  dividing  line  between  the  sludge 
and  the  supernatant  liquor  was  not  clearly  defined,  and  it  would 
be  very  difficult  to  say  just  what  proportion  of  the  contents 
of  the  tank  should  be  considered  sludge.  The  sludge  was 
very  difficult  to  force  through  a  filter  press,  and  although  six 
tons  of  lime  were  added  to  the  sludge,  the  pressing  was  so 
slow  and  expensive  that  a  portion  of  it  was  drawn  on  to  the 
sludge  liquor  filter  beds,  and  should  the  accumulation  of  this 
kind  of  sludge  be  at  all  large,  the  question  of  its  disposal 
would  be  a  serious  one. 

In  this  connection  it  might  be  stated  that  the  crude  sewage 
is  taken  to  this  basin  through  a  13-inch  pipe  a  distance  of 
from  300  to  400  feet,  and  it  is  quite  likely  that  some  of  the 
solid  matter  in  the  sewage  is  not  delivered  to  this  basin. 

In  addition  to  this  it  should  be  stated  that  storm  water  has 
never  been  admitted  to  this  treatment. 

Much  of  the  year  there  has  been  no  scum  on  the  surface,  and. 
rain  and  wind  have  caused  what  did  appear  from  time  to  time 
to  settle  to  the  bottom  of  the  basin.  However,  since  the  flow 
was  increased  to  500,000  gallons  per  day,  and  the  amount  of 
acid  was  decreased  at  the  same  time  the  strength  of  the  sew- 
age was  increased,  much  more  scum  has  appeared,  but  has 
never  reached  a  thickness  of  over  four  inches.  This  thick  scum 
has  disappeared  several  times  on  account  of  wind  or  rain. 

The  disagreeable  odors  from  this  basin  have  continued  as 
in  the  past,  but  are  not,  on  account  of  the  small  area,  as  objec- 
tionable as  the  odors  arising  from  the  filter  beds,  on  to  which 
the  effluent  is  turned.  The  odor  from  these  beds  is  especially 
noticeable  when  the  beds  are  covered  with  water,  but  during 
the  remainder  of  the  day  the  surface  is  so  moist  that  the  odor 
does  not  disappear.  It  would  seem  that  this  difficulty  was 
one  of  the  most  serious  in  connection  with  the  use  of  the  sep- 
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of  the  water  from  the  pood  owned  by  tho  AnierioftB  ^t<M«l  ^ 
Wire  CompaBj  show  thiU  the  pollatlon  of  th^  utivam  above 
the  outlet  of  the  sewer  hfl«  remained  the  name  aa  dnrinir  tYK^ 
last  two  years.  This  woald  indicate!  that  th^  imptv^vf^mont 
is  the  resolt  of  the  efforts  on  the  part  of  the  city  to  oarry  ont 
the  obligation  imposed  by  the  ij'uMikUyo  Aot  of  1S.vt>. 

In  closing  this  report  it  is  a  ph'asurp  to  aoKno>9^-1o4$ro  ibo 
kindly  interest  in  the  work  of  the  (lopartmrnt  nho^^n  at  all 
times  by  the  Committee  on  Hewcrfi.  Tlio  work  of  tbo  Vn^-i 
neering  Department  has  b^fea  malntnttiPil  at  Ha  n^nal  hif^h 
efficiency.  At  this  occasion  it  can  not  br  out  of  pla<v  to  oiNNiit 
the  assistants  in  charge  of  the  varloita  braiirh«^n  of  tho  xs-ork 
of  this  department  with  the  iot^rnat  and  ability  xvhioh  bavo 
mailed  their  work  during  tlie  y^'ar,  and  to  alaio  that  tb«'> 
hare  been  largely  instram^ntal  in  thn  aun^iiii  aiiaiTii>i1. 
Special  mention  should  l>e  made  of  tlio  oRliiont  o^anniM^  in 
which  Mr.  EUury  L.  Dadmiin  supcrinfpnflpd  tho  pnonmaui* 
tunnelling  done  through  Washington  mpiaro. 

During  the  year  Mr.  Julius  W.  Hugbpo,  for  aovoial  yi'arx  in 
charge  of  the  purification  worlca,  has  aovorfMl  hia  o^^nrnviion 
with  this  department,  and  assum«*d  rhari^o  of  a  aimilar  plant 
for  the  city  of  Providence,  K,  L  Mr.  UtigbooV  oftiriont  work 
here  warrants  bis  call  to  a  nion'  rcNponaibti^  position,  ant)  ^n 
Bures  his  continued  saccess. 


46 


PUBLIC     DOCUMENT — NO.     XII. 


Tablb  XXIV. 

RESULTS  OF  SEPTIC  TANK  TREATMENT  OF  SEWAGE.  JULY.  1900.  TO  DECEMBER,  1900. 

(Parts  per  100,000.) 


RBSIOUB  OM  EVAPOBATlOir. 

AMMOmA. 

Total 
Rbsidub. 

VOIiATIUB 
RB8IDUS. 

FIXVD 

Residue. 

Free. 

Albumikoid. 

• 
O 

• 

o 

I 

Sus- 
pended. 

• 

s 

• 

a 

1 

Sus- 
pended. 

o 

d 
o 

O 

OQ 

Sus- 
pended. 

Total. 

• 

a 
o 

1 

a; 

Sewaf^,  July,  1900 

Effluent,    *• 

Per  cent,  removed 

71.3 
57.0 
20.06 

44.8 
47.0 
•5.38 

28.7 
10.0 
ffi.55 

44.2 

38.7 
12.44 

84.5 
32.3 
6.88 

9.7 

6.4 

34.02 

27.1 
18.3 
33.47 

10.1 

14.7 

•45.54 

17.0 
3.6 

78.82 

1.270 
2.0GO 
-61.42 

.604 
.400 
20.68 

.268 
.24,5 
8.58 

S4 

Sewage,  August,  1900  . . 

Effluent,       "          *•    .. 

Per  cent,  removed 

98.1 
84.6 
32.78 

47.0 
44.8 
5.11 

49.1 
20.0 
50.21 

44.1 
25.0 
43.31 

16.4 
13.9 
15.24 

27.7 
ll.l 
59.98 

53.0 
39.6 
23.85 

30.6 
80.7 
-0,86 

21.4 

8.9 

58.4! 

1.075 
1.894 
-76.19 

.424 
.421 
0.71 

.178 
.143 
19.66 

-14 

Sewage,  September,  1900 
Effluent, 

Per  cent,  removed 

8S.0 
53.6 
85.42 

48.8 
39.6 
15.38 

88.2 

14.0 
61.38 

44.5 
19  1 
57.08 

16.7 
11.7 
29.94 

27.8 

7.4 

73.38 

88.5 
34.5 
10.39 

80.1 
27.9 
7.81 

8.4 

6.6 

21.43 

1.363 
1.769 
-20.T9 

.717 
.410 
42.8S 

.213 
.189 
20.66 

K 

Sewage.  October,  1900.. 

Effluent,        "          *•  .. 

Per  cent,  removed 

70.0 
55.5 
29.75 

50.1 
42.6 
14.97 

2R.9 
12.9 
56  36 

48.2 

21.8 
49.54 

20.5 
12.5 
89.02 

22.7 

9.8 

60.03 

35.8 
3a7 
5.87 

29.6 
80.1 
-1.89 

6.2 

8.6 

41.91 

1.45A 
2.100 
-44.83 

.092 
.384 
48.06 

.166 
.112 
8S.5S 
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Sewage,  November,  1900 
Effluent, 

Percent,  removed 

71.4 
53.9 
24.51 

45.1 
44.9 
0.44 

36.8 

9.0 

65.78 

S2.7 
18.0 
44.96 

17.8 
12.3 
8a90 

14.9 

5.7 

01.74 

38.7 
85.9 
7.24 

27.8 
83.6 
•19.41 

11.4 
3.3 

71.05 

1.400 
1.963 
•4a21 

.610 
.435 
28.60 

.215  1 
.143' 
83.49       36 

Sewage,  July,  1900 

Effluent,    ••        "     

Per  cent,  removed 

Sewajfe,  August.  1900. 
Effluent,       ••  *'    ... 

Per  cent,  removed 

Sewage,  September.lOOO 
Effluent, 

Per  cent,  removed 

Se\\age,  October,  IWK).. 

Effluent,        ••  •'    .. 

Per  cont.  removed 

Sewage.  November.  1»00' 
Effluent, 

Per  cent,  removed 


1.105 


OZTOEN 

Nitrogen  as 

Consumed. 

• 

V 

a 

*M 

-* 

3 

CB 

9i 

• 
4> 

•d 

o 

■O 

s 

& 

£. 

0) 

tx 

« 

>^4 

2 

t4 

2 

o 

» 

S 

«3 

a 

£ 

t 

Ad 

*-^  . 


1.360 
1. 135 

17.28 

.032 
.022 
31.35 

.0014 
.0004 
71.43 

1.225 
.919 
34.90 

.044 
.042 
4.c>9 

.0169 
.0005 
97.04 

1.706 
.944 
44.06 

.031 
.012 
61.29 

.0095 
.OOLfi 
97.89 

1.7H8  ' 

1.188  ; 

76.14    i 


.000 

AfJH 

53. :« 

.iY7h 

<y).(X» 


.o:j8o 

.0026  I 
U3.16      I 


I 


.0104  ; 


6.97 

6.01 

1.3.77 

6.77 

6.32 

66.47 

880 

,5.91 

32.84 

8.16 
6.25 

2:^.41 

7.42 

6.18  , 
16.71 


4.15 

3.31 

23.65 

4.64 

299 

35.56 

5.78 

3  44 

40.48 

.•S.88 
4.27 

38 


or 


5.74 

4.40 

23  34 


7.06 
8.30 


7.23 
7.63 


6.88 
6.78 


6.56 
6.76 


5.88 
6.15 


3,473 
3,887 
11.34 

3,149 
4,297 
-36.46 

4.438 
4,411 
0.61 

4.457 
3,651 
18.08 

4.441 
4,297 
3.34 


CO  . 
o  5 

S3 
fa 


Q 

u 

a> 

o 

fa 
o 

9 

u 
9 
> 

< 


172 
82 
52.33 

181 
151 
-15.27 

066 
680 
-3.47 

941 
1.018 
-8.18 

1.166 

14.41 


7,800,000      2SI.613 
Closed  Sundays. 


8.100,000      S61.290 
Closed  Sundays. 


7.800,000      280,0tt) 
Closed  Sundays. 


8,100.000      261,290 
Closed  Sundays 


7.800.000      260,000 
Closed  Sundays. 


SUPERINTENDENT     00 


4$ 
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Table  XXM 

resjjlts  of  septic  tank  treatment  0| 

DECEMBER,  Ifl 
[Parts  per  100.00 


RBSIDUK  ON  EVAPOBATi 


Total  Rbs. 


o 


£ 


-   -4 


Vol.  RK8.       f; 


a 

CB 
9 
QQ 


3 

O 


t   a 

I 


ft. »» 

a 


I' 


Sewage,  Dec.,  1900.... 

Effluent.  •'   .  .. 

Per  cent,  removed 

Sewage,  Jan.,  1001  — 
Effluent.    ** 

Per  cent,  removed 

Sewage,  Feb.,  1901 .... 

Effluent,    ••        "    .... 

Per  cent,  removed 

Sewage.  Marcb.  1901 . . 

Effluent,      '*        "     . 

Per  cent,  removed 

Sewage,  April,  1901 . . . 
Effluent. 

Per  cent,  removed 

Sewage,  May,  1901 .... 

Effluent.  "   .... 

Per  cent,  removed 

Sewage.  June.  1901... 
Effluent, 


57.7fl'46.a2 
55.  &9I  46.93 


I 


11.94  20.92 
8.67  17.99 


8.75;.2.40  27.39  14.01 


90.1  '56.7 
58.6  1 48. 5 
34.96|  14.46 

101.9  148.7 
61.3  144.8 
39.95;  9.01 


33.4  '59.3 
10.1  180.5 
69  76  48.57 


68.6  >45.4 

59.7  138.2 
12.97,15.86 

98.0  147.1 


53.2 
17.0 
68.06 

23.2 
21.5 


68.8 
31.8 
53.44 

38.8 
29.6 


73.26  22,72 
45.9   47.7 


60.3  ;4au    17.3   22.3 
35.16.  8.71  6,».82  58.25 


68.8  142.5    21.3 

49.1  -34.7    14  4 
28.14' 18.35  32.89 

79.2  '51.6   27.6 
58.0  !39.U  119.0 


30.4 
16.7 
45.06 

39.1 
33.2 


Per  cent,  removed,  26.77:24.42  30.45i  15.09 


Sewage.  July,  1901 ....  I  951  |71.8 
Effluent.    '•         '•    ....    70.8   .t6.5 
Per  cent,  removed   25.55  21.31 

Sewage.  August,  1901 . 1 106. 1  '68.2 
Effluent.        •'  *   .1  67.5   51.4 


16.1 
10.7 
38.55 

22.5 
16.2 
28.00 

23.8  154.2  29  6 
14.3  |26.8  ',14.2 
38.e0'51.47l52.02 

.'17.9  152.0  126.0 
16.1    21.7  '14.3 


13.19 
12.24 


7.73|86.W 
5.75lS7.M 
7.20  25.61    2.01 

I 
35.0  ;24.8   30.8 
24.6     5.9  :2H.l 
29.71  (75.72 


l«vVlM 


»  *  •  * 


'  8.71 


27.4 
21.1 


40.9 
10.7 


22.99  7a  84 


25.0 
18.4 
26.40 


13.3 
11.2 
15.79 


19.1  28.6 
12.3  10.0 
38.09  65.03 


14.3 

6,0 
57.99 

16.6 
17.0 
-2.41 


33.6 
29.5 
12.2< 

30.3 
30.1 
0.6< 

45.8 
38.0 
16.19 

33.4 
32.4 
3.  DC 

40.1 
24.8 
38.38 


Per  cent,  removed    36.39  24.63i57.53  .W. 26  45.00 


Sewage,  Sept .  1901 .. .  l(K).2  60.6 


Effluent. 


30.6   5{S.6  '35.4 
72.4    49.0    2:^.4    28. H  !18.0 


24.6   50.9 

12.1  |44.5 
50.82  12.54 

26.0    54.1 
7.4    4.V8 
71.53|15.34 

30.2  'h.6 
10.8  |4a6 


S»^wage.  IVc.  1900....! 

Kftluent.     •  S«H>4iU> 

Per  cent,  removctl  5  *%4'^^»  |^  j^ 

Se wft^.  Jan.,  1901  ....  ^'^    

Kmuont,    *•  I  56D(UO 

Per  cent  r«moviHl  ^Uj^^^^m 

S6wa»re,  Feb..  1901 .... !         ^^'^     

Effluent.    •*        "...      •  .irt*  (x« 

Per  cent,  removeil  T'*s8*5io  147 "379 

Sewage.  March.  1901 . .  **'*^  i  

Effluent.      "         •'    .        >J44oni> 

Per  cent,  removed  <f '  30.W   rt0..V4 

Sf  wage.  April,  1901 ,. .  **^  I 

Effluent.       '*       "  ...■  i4«7.«|): 

Percent,  removed  Sf*  j^;.^   -,;^, 

Rewftge.  May.  1901....'        ^'^     

Effluent.    •'         '*•••',        705  01)1) 

Per  cent,  removed;  «    7«;7O0'  w.^i 

Sewage.  June.  1901 ....  I        ^'^^ 
Effluent.     "       ••....'       Kaoooo 

Per  cent,  removed  »*  r,;,^  ^.^^^ 

Sewage.  July,  1901.... |        **-^ 
rjiiiuent.      '        *    . . . .      I  I Ko  cM\ 

Per  cent,  removed  4'  S^'^J 


Per  cent,  removed    27.74  29.tk>j23,53  48.19;49.15  46.52    2  24 


Sewage,  August,  1901 . 

Effluent,       "  '•  . 

Per  cent,  removed 

Sewage,  Sept..  1901  ... 

Effluent.    *^         ;•  ... 

Per  cent,  removed 


9 


Sewage,  Oct.,  1901....    91,5  '51.9  I39.6    45.8  123.0  122.8  |45.7 
Effluent.      •'        '•    ....    72.7    :W  0  |:«.7    :K.5  ,16.1   !l6.4    40.2 
Per  cent,  removed    20.55  2tt.7H  12.37  29  04  30,00  2H.07  12.03 


75.400 
93.80 

.430.0l»l> 
I8.H0l> 
99.03 

,733.000 
27.700 
99.26 


Sewage,  Nov.,  1901. 
Effluent. 


90.0    54.1  |3.=).9  142,9  \li.9  1I8.O  |47.I 
73.9    46..')  ,28.4    38  5    23. 'J    ITx'A    35.4 


Per  cent,  removed.  17.88  l.5.9(),2().Ky  10.26  6.83  l.voo  24.84 


I'M 


I  I  I 

Average  sewage,  1901. 1  87.9   5ii.3  '32.6  '46.3  ;:^A)   20.3  '41.6 
Average  emuent.  1901.,  fw  3   44  5   2o.s    •>.5    17.2.11.3   36.8 

Per  cent,  removed    2.">.7]  VJ.:<i  3rt.20  38. 44  33.8.=)  44..33  1 1..">3 

I  '         I         I         •         I         I 


Sewage,  Oct.,  1901.... 

Effluent,    *•       •* 947  (XX) 

Percent,  removed >    9^  46i8(X) 

Sewage.  Nov.,  1901 ....  I       ^'^^ 

Effluent,    "         "  ....| 

Per  cent,  removed    »,„   

131.000 

--  41.9a) 


Average  sewage,  1901. 

Average  effluent.  1901. 

Per  cent,  removed 


98.01 


60,686 


68.958 


H4.074 


92.8:« 


93.246 


h  albuminoid 


Note.— The  residual 
and  the  ammonia  obtalne 
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i'T  BLIC     X>CM:rMKNT — so.     XIL 


RESULl 


'mi#V,K!f  .*•* 


3 


Sew»ffe,  Jalj 
Effluent. 

Percei^ 

Sewmce,  Ang 
Effluent, 

Perceiv> 

Sewage.  Sepi 

Effluent, 

PeTcet| 

SewAge.  Oct< 
Effluent, 

Percenj 

Effluent. 

Perceifi 


I 


S*  "T-iffA.  July    f* 
P*^r  C4er.t- 

ivr  cent- 


M 

n« 

7T 
t»7 

.V< 
I  IT 

113 

Ml 
.♦'I** 
^1 

««• 
<^ 
<fi 

W 

41 

i*M 
ifr2 
W 


I-* 


« 


Z 


»»T90         «<  14 


n4.2H 
.0731 

97.25 


'■•II 

(■'12 
P7  I« 


111 

•CM 

lam 

<i.i:^ 

*« 

Hft  i: 

1-2  < 
d.?7 

M.n 

0.10 

ana 

4»t 
28  13 

.%<» 

l.M> 

7.V(V 

4  4H 

40ff( 


W.7V  44.47 


»».47 

le  4>« 

7  H' 
42  :c» 

9  (II 
41.12 


4"* 

.\  IS 
f»4a 

^1» 
5  2J» 

•3R 

6  75 
19  45 

7.34 

S.Tl 

t7.» 
3  94 

32.  CK 
3*. 

l«ii7 

.V» 
3.37 

37J»7 

5.JQ 

307 

40« 

H.79 

4.42 

34  M> 

7.00 

4»»7 

31140 

937 

7  '2 
24  (« 


4  74 

2J»  I:-* 


7.« 

7.45 


(S9 


5.0R 

4.J* 


.S.75 
5.4lt 


7.W 


)).43 


12« 
12.70 


9.39 

9.» 


9S3 
9.24 


e.s 


5ii 


»s 


V  — 


3 


4 
3 


2^ 


4 

ayl9 
7.48 

3M10 
4.115 
-5l41 


4J0T 
17 

3H.77 


2.07 


2898 
3.431 
-aD.97 

4. 4 II 
3J24 

24.88 

3..V« 
3,318 
6.75 


4.2^ 
34.77 


2.777 


8.420 
5.S0O 
12.98 

8.9no 

5.080 
28.78 

4.844 
4.843 
4.15 

3.791 
3.448 
9.17 

3.781) 
3.H24 
-I  > 


4>W 
1 1  .V2 


371 


Jft» 

(le 

2fi5 

470 
247 
47.44 


^.:oei( 


1.7 


.143     7 
....    I 


47.9 
47J 


*1 


4C-3 


S.081J2SO    IMLMl     5JMlflO» 


r7.4 


873  7. 

8L39   " 


I. 


<)|><I  9.025.000    258.871     2.«7J80     Sfi.7 

90r>  3,33X080     56.4 

4.53    


VHf  7  JOQlOOO  ,  2804108    3L«14jOOO     €8.0 

1.047        SJ8ff7.000     67,5 

-15.18    


¥^1 


9v: 


1.184       «.i5«;ao  I 


uimjim   Tsi 


fr 
* 


I . 


94         9.186.500    2BBiJ565    tJSl.OOO     7!l7 

977         '  137IJ000     7i3 

17.14 


389        I4.W 

975        

23.18    


I.S74.080     mi 


M4  I4J08.S50    480,847     1JOR.00O     6S.1 

I     974 tfloaeoo   ai 

1.008  14.375.000    470,167    2.087.000     36.3 

1.044  5,167.000     57-3 

-3.79  


SIO 


9.21W.346 


748    3,712,000     SB.8 
..      2.5804100     OOlO 


:i34 


ttao  sum  of  the  free  and  mlbumlnoid  anuDoni:. 


SUPERINTENDENT     OF     SEWERS. 
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Table  XXVI. 

RESULTS  OF  FILTRATION  OP  SEPTIC  TANK  EFFLUENT. 
MorUhly  Acnrage»  of  Weekly  AnalyMn  of  Steriliaed  Daily  Samplft. 

(Parts  per  lOO.OOa) 


AMMONIA. 

Nitrogen  as 

OZTGIN 
CONSUMBD. 

• 

ALBUMINOID. 

• 

m 

UTE  OF  COLI«BCTION. 

i 

i 

ao 
2 

. 

• 

o 

Free. 

• 

■ 

a 

.•9 

s 

e 

•c 

Un- 
tered 

*§ 

e 

"3 

p 

if 

CO  S 

& 

•* 

s 

H 

K 

«4 

Cm 

'  IE 


a 

a 

9 

si: 


^1 

^1 


Iffiuent,  July,  1900    ... 

".Urate,    "        *'      .••• 

Per  cent,  removed 

;«ueiit,  August,  190O  . . 

Utrale.  '*         "     •• 

Per  cent.  remoTed 

:ffiUenl.Septembcr,1900 

•Uirate. 

Per  cent,  removed 

Iffluent.  October,  1800. . 

•Ulrale.  '*         '•   •• 

Percent,  removed 

ffluent-November,  1900 

lltrate. 

Per  cent,  removed 

ffluent,  December,  1900 
iltrate. 

Per  cent,  removed 

ffluent.  January.  1901 
titrate. 

Per  cent,  removed 

ffluent,  February,  1901 
Utrate. 

Per  cent,  removed  j 

ffluent,  March,  1901    . . ; 
Iltrate.        *'  '     .. 

Per  cent,  removed 

ffluent.  April,  1901  .... 

iltrate.     "         "    .... 

Per  cent,  removed 

ffluent.  May,  1901 

Iltrate.      "        "  

Per  cent,  removed 

ffluent.  June,  1901    .... 

Iltrate,     "         "     .... 

Per  cent,  removed 


2.0601    .400 
8.140     .161 
-53.16   50.74 

l.«M     .421 
3.36S     .194 
-77A7   53.92 

1.769|    .410 
2.7131     .145 
-58.37   64.63 

2.100  .804 
1.460  .094 
30.45  76.12 

1.963   .435 
2.088   .081 
-6.37  81.37 

1.875  .390 
2.S)50   .046 
-35.99  88r41 

S.O40      .684 
2.450      .153 
-19.41    75.86 

2.975  .628 
2.913  .209 
2.08    66.71 

2.663     .601 
2.750     .161 
-8.27    76.70 


.245 
.161 
34.29 

.143 
.194 
-35.67 


.166 
.000 
100.00 

.278 
.000 
100.00 


.160       .241 
.145    •  .000 
14.70    100.00 


.112 
.094 
16.03 

.143 
.081 
43. 3& 

.181 
.046 
74.59 

.418 
.153 


.282 
.000 
100.00 

.292 

.000 
100.00 

.200 
.000 
100.00 

.216 
.000 


I 


1.6.30 
1.825 
-11.96 

1.78fi 
.863; 
51.72 


.409 
.082 
79.95 

.$>1 
.073 
79.20 


63.24  1100.00 

.338!       .290 
.209       .000 
30.05    100.00 

.371        .320 
.161        .000 
56.59    100.00 


.195 
.1)82 


.214 

.000 


1.944      .380 
.4891     .(H8 
74.85  187.36 


verage  Effluent, 

Filtrate 

Per  cent,  removed 


2.057      .482 

2.  see    .r-v 

11.96    74.03 


57.95  1 100.00 

.126       .225 
.073,       .000 
42.07  1 100.00 

.131        .249 

.(M8       .000 
63.36  ,100.00 


1.125 
.880 
86.68 

.919 
.4001 
56.48 

.944 
.325 
65.57 

.950 
.810 
67..38 

1.188 
.188 
88.87 

1.413 
.106 
92.49 

1.570 
.410 
73.89 

1.825 
.491 
73.10 

1.788 
.318 
82.21 

.800 
.283 
61.31 

.750 
.200 
73.33 

.925 
.208 
77.52 


.022.0004 
.087.0032 


.214 
.120 


.000 


248    1.183 


48.92    lOO.tX) 


.294 
75.15 


.042 
.048 


.012 
.198 


.028 
.07o 


.080 
.179 


.068 
.148 


.082 
.014 


.039 
.024 


.045 
.028 


.061 
.061 


.046 
1.331 


0005 
.0191 


.0002 
.3289 


.0026 
.2416 


.0026 
,1720 


.0093 
1815 


.0010 
.0106 


0018 
.0057 


,0030 
0035 


.0125 
.0441 


.0016 
.4593 


6.01 

1.77 

7a58 

6.82 

1.11 

82.43 

5.91 

a  76 

87.14 

6.25 
0.87 

86.08 

6.18 

0.72 

86.34 

5.20 

0.41 

92.10 

9.87 
1.39 

85.15 

9.68 

1.90 

80.37 

8.68 

1.61 

81.45 

7.48 

1.09 

86.43 

4.38 

0.72 

84.14 


040.0010;    5.51 


.422 


•2388 


0.55 
90.06 


.042  .0029 
.198.1299 


6.75 

1.09 

83.85 


8.21 

1.77 

44.86 

2.99 

1.11 

62.88 

8.44 

0.76 
77.89 

4.27 

0.87 

79.(M 

4.40 

a  72 

83.62 

8.45 

0.41 

90.18 

6.27 
1.89 

T7.82 

6.75 

1.90 

57  59 

5.11 

1.61 

68.48 

4.89 

1.09 

77.71 

2.54 

O.TZ 

71.45 

2.82 

0.55 

80.50 


4.18 

1.09 

73.98 


aaO  3.867 
7.60  5,757 

-28.40 

7.6S'4.297 
7.63  4.182 

....  4ta\in 

6.7H  4.411 
7.05  8  914 

11.27 


a76 
6.66 


6.15 
6.15 


5.28 
5.33 


3.651 
2,458 
82.68 

4.297 
1.868 
67.58 

8,919 
1,950 
50.24 


82 
43      < 

47.56 


.185.181 


161      t2,2(M.00Ol  

268           44.2001124,129 
•74.16      97.99  i 


689 
1.174      ' 
<7a89: 


1.!M0.000> 
20.1U> 
9K72 


1.018       l,266.a>0 
1,081      :      38.800 
-6.191     96.90 

908      !2,444,000 
1.260  30.900 

-26.26      98,72 

371      '  1.467.000 
735  14.500 

•9a  II       99.04 


6.86  4.115 
6.80  2,266 

....  I      44.83 

7.45  2.637 
7.30  2,744 
....        -4.06 

6.35  3.431 
5.90  2.179 
.....      36.42 

5..58  3.324 
5.18  1.375 

•  •  »  •  OOkCM 

4.98  3.318 
4.83  883 
....       72.00 

5.48  2,777 
.'>.35,  409 
. . . . '      85.27 


260 
483 
-66.53 

265 

671 
-158.20 

247 

289 
-17.00 

6S0 
680 
.      0.00 

900 
943 
•4.80 

1,047 
108 
90.00 


6.47  3.640  565 

6.27  2.728  578 

....       25.051      -4.14 


1,706.000 
76.700 
95.50 

1,520,000 
71..S00 
96.35 

2.152.000 
75.400 
93.80 

1,480.000 
13,800 
99.03 

3,783.000 
27,700 
99.26 

3,947.000 
46.800 
96.81 


2,131,000 
41.900 
96.04 


69.708 


147.379 


60.574 


98,180 


84.376 


42.857 


60.686 


68,958 


84.074 


92.8% 


98,245 


NoTB.— The  Residual   Ammonia    represents  the  difference  between  the  sum  of   the   free   and  albuminoid 
amonia  and  the  ammonia  obtained  by  the  Kjeldahl  method  for  nitrogen. 
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'^ 
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X 
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^ 

«1* 

S 
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-< 

♦ 
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9SX4S  .^v^e  <irS9B  '^^"^S  «-«>«o 
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